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This book is intended for the use of Engineering students 
in schools and colleges, and as a text-book for examinations 
^ in which a knowledge of Practical Geometry and Machine 

Drawing is required. 

The chief reason which has led to its preparation is that 
< during the time I was engaged in teaching on the Engineer- 

1-^ iDg side of Dulwich College, and had charge of the classes in 

3 Geometrical and Mechanical Drawing, I found it impossible 

to obtain a book wherein the problems, or examples, were 
not accompanied by diagrams which the student could 
easily copy, without in the least knowing to what they 
referred. In Plane and Solid Geometry there was a lack 
of properly graduated questions, and such important parts 
of the subject as problems on loci, the construction of the 
useful plane curves and their practical application to cams 
and wheel-teeth, the interpenetration and development of 
Bimple solids, and isometric projection were only to be 
found in advanced books — ^although really more suited for 
elementary students than the troublesome problems on 
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"points, lines, and planes" which usually precede them. 
In Machine Drawing and Design, again, the deficiency was 
still greater, there being no choice between sheets of 
Diagrams and Text-Books which, although they produce 
admirable copyists, are utterly devoid of any utility as 
regards education in design. The well-known treatise by 
Prof. Unwin is, of course, most excellent as an aid to 
design, but it does not profess to teach drawing, and is 
certainly not intended for elementary students. 

Under these conditions, I found myself obliged to 
arrange questions so graduated in regard to sequence and 
difficulty as to be really helpful in " teaching " the subject, 
by bringing out important principles, by making clear 
mathematical relations, and by requiring the application 
of real thought and the knowledge gained in other classes 
and subjects. The setting of the questions was always 
preceded by a lesson in which, for geometrical drawing, 
typical problems were worked upon the blackboard and 
explained; and for machine drawing, the parts concerned 
were drawn separately or together, or illustrated by models, 
and the relations of, and reasons for, the shape and size 
of the difierent parts made clear. The book, then, has 
grown out of my own felt wants, and the effort to supply 
them by the questions and lecture-notes mentioned. 

In Part I., I have included chapters on those parts of 
Practical Geometry already referred to as usually taken 
later, because I believe them to be essential to a good 
elementary course of Practical Geometry, and admirably 
suited for the ordinary engineering or technical student 
commencing without previous knowledge, and desiring 
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to go on to an intelligent study of Machine Drawing 
and Design. I have also included some special cases of 
intersection, such as occur in metal plate work and in the 
drawing of some engine parts, in order that students may 
have no excuse for putting in the necessary curves by 
*' guess work." Thus, in preparing Part I., I have steadily 
kept in view the work of Part II., from the conviction that 
Plane and Solid Geometry should always precede Machine 
Drawing, just as Arithmetic precedes Algebra. 

In Part II., I have avoided dimensioning the illustrations 
except in rare cases, and have endeavoured to build up the 
subjects so that all primary and common parts are first 
explained and understood, such explanations not being 
repeated when the parts occur in connection with larger 
or complete designs. Such a method will, I am sure, 
commend itself to all true teachers. A student ought not 
to be told the sizes of bolts and nuts, or the diameter of 
flanges, or the details of stuffing boxes in drawing an 
engine cylinder, any more than we should expect to have 
to prove to him the truth of the triangle of forces, at each 
step in the graphical determination of the stresses in a 
roof-truss. But such an arrangement obviously requires 
that the examples be worked through in the order given, 
and especially is this so in the Sections on Engine Design, 
the examples in which have been intentionally arranged to 
show the interdependence of the different parts. I have 
throughout endeavoured to give the reasons for all features 
of the designs; when these are purely empirical or for 
workshop convenience, this is stated. My object will have 
been attained if I have made it impossible for a student to 
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draw any part wUhoiit having an intelligent reason for 
all he does. 

It has certainly been my desire to make the book 
suitable for beginners, believing that the sizes and arrange* 
ments of simple common parts cannot be acquired too early, 
and I have therefore endeavoured to teach the principle of 
"drawing" as well as of "design." I have found some 
difficulty in deciding what terms and definitions to employ 
in order to make the book acceptable to the ordinary 
student and teacher, and yet free from unscientific and 
ambiguous expressions. Workshop terms are not fully 
satisfactory, for they vary with different localities, while 
scientific terms are often misused. I have restricted the 
word '' compression '' to repi*esent a strain or change of 
form, and in other ways have adhered to the following 
notation : — 



Pressure or Thrust 
Tension 
Shearing Stress 



produces 



STB^nr. 

Compression. 

Extension. 

Shear. 



My thanks are especially due to Mr. F. W. Sanderson, 
M.A., Head-Master of Oundle Grammar Schools, who, 
during my association with him at Dulwich College, gave 
me much assistance in preparing the Examples, and who 
has been good enough to read the proof-sheets and to 
make many valuable suggestions, and to Professor Good- 
man, M. I. Mech. E., Assoc. M. Inst. G. E. of the Yorkshire 
College, Leeds, for much helpful counsel as to the arrange- 
ment of Part. IL I am indebted also to Mr. J. H. 
Wicksteed, M.I.C.E., M.I.Mech.E., for useful suggestions and 
drawings, and to Messrs. Allan & Co., Lambeth; Messrs. 
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Marshall & Sons, (lainsborough ; Mr. W. AUchin, Globe 
Works, Northampton; The Kirkstall Forge Co.; The 
Globe Engineering Co.; Messrs. Schaffer & Budenberg of 
Manchester; and the Atkinson Gas Engine Co., for kindly 
supplying drawings for insertion in the text. Finally, I 
have to acknowledge the assistance received from the works 
of Professors Unwin and Ripper, and Mr. Henry Angel. 

I shall be grateful to teachers and others who may use 
the book for information as to any errors which may have 
been overlooked. 

SIDNEY H. WELLS. 

Battebsea Polytechnic, S.W., 
September, 1893. 



NOTE TO THE FOURTH EDITION. 



The Publishers note with satisfaction the popular esteem 
in which this work is held. Three Editions have been 
exhausted, and the opportunity has been taken of this 
re-issue to add as an Appendix to Part I. a series of 
Questions set in the Board of Education Examinations, 
which will be found useful in helping Students to test 
their knowledge. 

Janrtary, 1905. 
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PART II. 



MACHINE AND ENGINE DRAWING AND DESIGN* 

SECTION XIII. 

INTRODUOTION. 

Enoineerihq drawing in its generally accepted sense really 
consists of two distinct parts, the first being the mechanical act 
of merely drawing an object in accordance with certain recognised 
laws of projection ; tlie second, that of designing and deciding the 
proportions and form of the object by considering the strength 
of the materials of which it is made, the forces which will act 
upon it, and the work which it will be called upon to do. 

It is scarcely possible to become a good designer without 
possessing some powers of draughtsmanship, but it is quite easy 
to be an excellent draughtsman without knowing anything of 
the principles of design and construction. For instance, a 
student who has acquired a knowledge of practical geometry, 
and who, therefore, knows the meaning and uses of "plans," 
"elevations," "sections," " interpenetrations," and "develop- 
ments," could, if given sufficient sketches and measurements, 
make complete drawings of the most complicated machine, and 
yet be quite ignorant of the manner in which the shape and 
proportions of the machine had been arrived at. 

But such a condition of mere mechanical working is above all 
things to be avoided, and the objects of the following pages is to 
show in an elementary manner, the general principles of theory 
and practice which guide the design and construction of 
engineering machines and structures. In order that they may 
be intelligently approached, the student should endeavour to 
understand the following remarks on drawing and design. 

(1) Drawings. — Engineering drawings may be divided into 
two classes : — I. " Working draiomgs" which show all the details 
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of separate parts, so that the parts can be made from them. 11^ 
" Generairarrangement dravnngs** showing the complete machine^ 
and the relation and position of the different parts. Usually the- 
designer first makes, a rough general -arrangement drawing, in 
order to obtain the leading sizes of the different parts, after 
which a complete working drawing of each part is made and 
sent into the workshops, in order that the part may be at once 
proceeded with; and, finally, a finished general - arrangement- 
drawing is completed. 

(2) Scale of Drawings. — In working drawings the scale 
should be as large as possible— 3", 4i", or 6* to 1' being usual 
proportions. All small parts should be drawn full size, deneral- 
arrangement drawings are made to smaller scales, such as Y^ f "r 
1", 1 J", or 3" to 1'. The scale adopted depends to some extent 
upon the size of the drawing papers, the usual sizes being : — 
Double Elephant, 40" x 27''; Atlas, 34" x 26"; Imperial, 30" x 22";: 
Half-Imperial, 22" x 15". In making scale drawings, lengths 
should be marked off by placing the edge of the scale along the 
line, and marking the line at the required lengths, not by first 
measuring the length on the scale with a pair of dividers, and. 
then transferring to the drawing. 

Always write the scale of a drawing prominently upon it (see 
p. 14). 

(3) Nmnber of Views in Drawings. — The chief desirable 
feature in all engineering drawings is clea/rne88y and the number 
of views and sections must be enough to obtain this ; anything 
further is a waste of time. The student must, therefore, decide 
the number of views necessary as a first step, since that obvi- 
ously affects the scale of the (frawing. Two views, at leasts are 
invariably required; either one elevation and a plan, or one 
front and one end elevation ; but, in the majority of cases, it is^ 
necessary to show three views — two elevations and one plan. 
With complicated parts or general arrangements, a larger num- 
ber of views may be necessary in order to show all the details. 
When an object is symmetrical about a centre line, it is some- 
times sufficient to show one-half of the view ; also, when one 
part only of an object requires an additional view, it is only 
necessary to project that part, and not the whole object. For 
example, the construction of the inclined bearing in Fig. 157 is 
shown much better and more quickly by the plan of the cover 
drawn above the elevation, than by a geometrically correct plan, 
which would show the cover and nuts foreshortened, owing to 
their inclination. 

(4) Sections. — It is only necessary to draw parts in section 
where their construction cannot be clearly shown without doing 
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BO. In many cases it is sufficient to show the parts by dotted 
lines, or it may be better to show a part only in section and the 
remainder by dotted lines. When an object is symmetrical 
about a centre line, it is usual to show one-half only in section, 
as seen in Figs. 15 45, 164. The section may end exactly at the 
centre line, as in Fig. 1545, or it may extend beyond it, as in Fig. 
153. The end of the section part is shown by black lines. 

Objects which are completely solid, such as bolts, rods, spindles, 
and shafts, are not shown in section, although, strictly speaking, 
they are cut by the section plane as much as the other parts. 
Therefore, in drawing the section of a stuffing box, as in Fig. 163, 
or of a valve, as in Fig. 172, the rod, spindle, and the studs 
are not sectioned. In the same way the arms of a wheel 
(Fig. 174), the guides of a valve (Figs. 173, 175), and the nuts 
of bolts and screws are not shown in section. Nothing would 
be gained by sectioning such parts, and a drawing is much clearer 
by leaving them unsectioned. 

(5) Dotted lanes. — The student will have seen from preced- 
ing examples that dotted lines are used to show parts of an 
object that are not really seen from the point at which the object 
is viewed. In engineering drawings it is often necessary to 
make a free use of dotted lines, but they should always be 
avoided when they do not really add to the clearness of a draw- 
ing. In such sectional views, as of the stuffing box in Fig. 1636, 
and of the shaft-coupling in Fig. 137, it would be strictly accurate 
to show by dotted lines the edges of the flanges on the back 
of the object, but as clearness is not generally gained by so doing, 
they are better omitted. 

(6) Order of Drawing Centre Jjines. — It seems to be a 
constant difficulty with a student to know where to begin a 
drawing. Few things look more careless than the different views 
of a drawing crowded together or near one edge of the paper, 
when there is plenty of room for a good space between the views 
and for an equal border all round. The order of drawing should 
be as follows : — 

I. Decide the number of views and the scale. 

II. Find approximately the space each view will take up and 
the position of the chief centre lines. 

III. Pencil in the chief centre lines of the different views in 
such a position as to give equal space between the views and an 
equal border all round when the drawing is finished. 

IV. Draw the leading part in all the views, and then add the 
remaining parts in the order of their relation to the leading part 
and to each other. In each case show one part in all the views 
before commencing another part, so that the different views are 
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drawn together, as if one view is completed before another is 
commenced it is impossible to correctly follow the relation of the 
parts, and the drawing takes veiy much longer to finish. It is 
often convenient to draw in first those parts to be shown by full 
lines, as it is then easier to see that other parts which come 
under or behind them must be shown by dotted lines. 

All such details, as bolts and nuts, keys and other small and 
repeated parts, should be left until the size and position of the 
leading parts have been, finally fixed and drawn, otherwise an 
alteration in a leading part means a rubbing out of all the details. 
When the object contains a number of similar parts such as bolts 
and nuts, the similar circles and lines of each should be drawn 
in together, and not by finishing each one separately. As 
far as possible, the student should aim at not having to take a 
dimension for the same part from his scale or rule more than 
once. 

Tn many of the following examples an effort is made to show 
the order in which the different parts should be drawn, for it is 
quite impossible to design properly unless the relation of the 
different parts to each other is fully and clearly recognised. 

Y. In inking-in, always finish all circles and arcs of circles 
first, and then the straight lines. It is not generally the 
quicker way to ink-in one view completely before commencing 
another, but to work all together. In inking-in the straight 
lines it is best to put all the lines which go in one direction first, 
and afterwards all those in another direction. Centre lines aJiould 
be irikedrin aafvll red lines, 

(7) Dimensioning a Drawing. — All the parts of working 
drawings should be fully dimensioned the actual size of the part^ 
blue ink being used for the dimension lines, which should not he 
dotted, and black ink for the figures and arrows. The student 
should aim at showing the dimensions as clearly as possible, and 
should group the dimensions for each part together, so that it is 
not necessary to hunt all over the drawing in order to find them. 
By referring to the dimensions on Figs. 159, 162, it will be seen 
that they are arranged either on the drawing itself, or slightly 
removed from it, whichever most ensures neatness and clearness. 
Also notice that vertical dimensions should be arranged to read 
from the bottom edge of the drawing to the top edge, the eyes 
being turned to the left hand. It is not necessary to dimension 
general-arrangement drawings with the exception, perhaps, of 
the chief sizes. 

(8) Colouring and Shading. — Different colours are used to 
show the metals of which parts are made, the usual arrangement 
being as follows : — 
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Metal, 

Wrought steel, 

Cast steel, 

Wrought iron, 

Cast iron, 

Brass and gun-metal, 

Copper, 

Wood, . 



Colour. 

Bluish-purple \ Prussian blue and 

Reddish-purple J Crimson-lake. 

Prussian blue. 

Paynes grey or Neutral tint. 

Chrome-yellow. 

Crimson-lake. 
/Burnt sienna, streaked with Van- 
\ dyke brown. 



In highly coloured drawings it is usual to show holes by a 
light wash of black. 

In drawings where no parts are shown in section, it may be 
necessary to use a little colour to denote the metals, and this is 
best done by a narrow band of colour inside the outer lines. 
Generally speaking, all colours should be used in as light washes 
as possible ; but in drawings where parts both in section and 
not in section are coloured, it is usual to indicate the sectioned 
parts by using the colour of a darker tone. All sectioned parts 
should be coloured, either by washing all over or by hatching 
the parts by broad diagonal lines of colour. The latter is usual 
for drawings of larger scale, as large patches of colour are to be 
avoided. Drawings which are not coloured should have their 
sectioned parts shown by ink lines drawn diagonally, as in the 
following figures (see p. 119). 

The shading of incHned or circular parts is affected either by 
" line shading " or " colour shading," in the former a flat incline 
is shown by drawing a number of equally spaced parallel lines 
(Fig. 102a), and a circular part by lines which are drawn closer 




Fig. 102o. 





Fig. 1026. 



together as they approach the outside lines of the diameter 
(Fig. 1026). Colour shading consists of graduating the tone of 
the colour from light to dark to produce the same effect, this is 
best done by a wash of black or Indian ink, and afterwards 
washing over with a light uniform tint of the required colour. 
General arrangement drawings are frequently highly coloured 
and shaded. 

The student should occasionally practise these methods of 
shading, in order that he may be able to use them if required. 
In drawing offices the practice as to colouring and shading varies 
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considerably, and generally depends upon the amount oi time at 
the disposal of the draughtsman. The same remark applies to 
the title of a drawing ; this should always be clearly written or 
printed in a conspicuous place, but the question of whether it 
fihall be plainly or elaborately done also depends upon special 
circumstances. 

(9) Desigpi. — The first principle of design is to arrange the 
form of a machine or structure according to the work it is 
required to do, and the second to proportion its different parts 
in accordance with the known forces it will have to resist, and 
the resistance of the material of which it is made. The former 
of these is probably a matter of personal intuition, and the latter 
is considered as shown more fully in later pages. But in 
addition to these, most engineering machines have to be designed 
by considerations of practical workshop conveniences and possi- 
bilities, of the cost of construction, of convenience in repairing, 
and of simplicity and symmetry of form. The full importance 
of these points cannot be recognised except by those possessed of 
practical workshop experience ; but if the student will carefully 
•consider the following remarks, he will be materially assisted in 
working through the remaining sections of this book, and in 
approaching the problem in an intelligent manner. 

(10) Cost of Construotion. — First of all it should be 
understood that the design generally most approved by the 
-engineer is that which is the most easily and cheaply constructed, 
and which offers the best facilities for repair. There are many 
arrangements of forgings and castings which may appear at tirst 
sight very suitable, but which are more difficult to forge or cast 
than some other design not apparently so convenient and neat, 
and in the same way a part may be designed in order to permit 
of machining in a certain way, although by so doing it may even 
be wanting in good proportions and form. It is well known that 
<Hiirning" is the cheapest kind of machining, and, as a result, 
there are a large number of parts which are designed with the 
chief object of getting in as much turning and as little of other 
machining as possible, although other considerations would seem 
to suggest quite another form of construction. Designers also 
aim at keeping the amount of machining as small as possible, for 
which object the parts of castings which require facing for 
fitting together or to some other piece, are made with projecting 
bosses, lugs, or strips which allow of machining without touching 
the main body of the casting. It is only by considerations such 
AS these that many of the designs in engines and machines can 
be explained. 

(11) Proportions of Parts. — Then, again, with regard to the 
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proportions of different parts. It may often be possible to 
determine exactly the forces which will act upon any given pieoa 
of a machine, and then by knowing the safe working stress to 
which it may be subjected to arrange the proportions accordingly. 
The strength and ordinary working stresses of different materials 
are given in the following pages, but if any special material is 
used the value of its resistance and its safe working stress should 
be determined before proceeding to the design. 

But there are undoubtedly many parts of machines where it 
is practically impossible to find the stresses which act upon them 
when working, as, for instance, in lathes and other shop tools, or 
in spinning and weaving machinery, and, similarly, there are 
other parts, such as brackets and pedestals for shaft bearings, in 
which, although the forces acting upon them may be measurable, 
yet their resistance to these forces is far too difficult for ordinary 
calculation owing to their complex form. 

Such parts have then to be proportioned in accordance with 
practical experience, by knowing what has been allowed in simi- 
lar cases before, and also by such assistance as can be gained by 
a general consideration of symmetrical proportion and convenient 
arrangement. It is probable that all such parts are really abnor- 
mally strong for the work they have to do, but it must also be 
remembered that stiffness and solidity may be absolutely neces- 
sary, to obtain which much metal is required. 

(12) Castings. — And, still further, it should be noticed that 
castings are invariably much heavier and stronger than forgings, 
on account of practical foundry difficulties, which soon reach a 
limit of possible thinness. The metal must also be more equally 
spread over the different parts on account of the stresses produced 
when cooling, and in order to ensure an equal cooling of the 
whole mass. Notice also that the comers of castings are always 
well rounded. 

These are, after all, but a few of the many points which have 
to be considered in engineering design, but so far as they go, 
they should be grasped by the student. He will then, perhaps, 
be better able to understand why so many machines, which come 
under his notice, appear so abnormally strong, heavy, and ugly, 
and to see how impossible it is to lay down hard and fast rules 
for the proportions of each part, on account of the different 
degrees of importance which may be given to the various points 
which have been mentioned. But he should also recognise the 
necessity of approaching the question of design in as scientific 
and thoughtful a manner as possible, of bringing to bear upon it 
all the knowledge he possesses of the strength of materials and 
their most efficient use, and of seeing that he should not necea- 
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sarily be tied by any particular proportion or arrangement when 
several ways are open, unless his choice be directed by sound 
and sensible considerations. It would be a most invaluable 
result if every student of machine design would take care never 
to draw any part, no matter how unimportant, without having 
fully considered the whole " why and wherefore " of the part, 
and being prepared to sensibly justify his design if challenged. 



SECTION XIY. 

STRENGTH OF MATERIALS. 

The scope of this work is not sufficient to require any detailed or 
advanced treatment of the strength and properties of engineering 
materials. But the obvious fact that the strength of machines 
and structures must bear some relation to the strength of the 
materials of which they are made, necessitates at least a clear 
understanding of the different forces which act upon materials, 
their classification and recognition, and the power possessed by 
the materials to resist them. 

(13) Stresses in Materials. — Generally speaking, all materials 
of construction are called upon to resist stresses caused by their 
own mass as well as those produced by external forces. In the 
case of heavy structures, such as bridges or arches, these stresses 
may be very great, and in some instances may even exceed the 
external forces, hence they cannot then be neglected, but in most 
machines the masses of the parts themselves need not be con- 
sidered, except when their momentum produces stress ; and we 
only have to deal with the external forces acting upon the 
material, caused generally by the work the machine does, and 
capable of a sufficiently exact measurement. 

The forces which act upon materials may be classified as 
follows : — 

(a) Tensile forces. — ^Those which tend to separate the particles 
of a body from each other by direct pulling. 

EXAMPLES. —Forces in ropes, chains, belts, bolts in flanges 
and covers, connecting-rods during inward stroke, tie bars of 
roofs and bridges. 

{b) Compresswe forces, — Those which tend to press together the 
■" w^ particles of a body by direct pushing. 



^ *,** 

' ^ " 
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EXAMPLES. — Forces in supporting columns, rams of pumps 
and presses, connecting-rods during outward stroke, struts in 
bridges and roofs, jibs in cranes. 

(c) Skecmng forces. — Those which tend to cause the particles 
of a body to move one over the other by direct sliding. 



EXAMPLES. — Forces on rivets in riveted joints, bolts in shaft 
couplings, pins and cotters, shafts transmitting power. 

(d) Bending or Transverse forces, — Those which tend to 
make a body assume a position at an angle to its former 
position. 

EXAMPLES. — Forces .acting on beams, hooks of cranes. 






(«) Torsional forces, — Those which tend to separate the 
particles of a body by direct twisting. When a body is twisted 
a.part, its particles separate, due to a shearing force. 

EXAMPLES. — Forces in shafts transmitting power. 

(14) Measurement of Forces. — It is clear that the effect 
produced by tensile, compressive, or shearing forces depends 
upon the magnitude of the forces, and the area across which 
they act, and is completely measured when we know, for 
instance, that the force is equal to, say, 5,000 lbs. or 
5 tons on every square inch. But it is equally clear that 
the effect of a force producing, bending, or twisting depends 
not only upon the magnitude of the force, but also upon 
the distance at which it acts from the point, about which the 
bending or twisting is taking place. Hence, we must consider 
the combined effect of the force and the distance, and following 
the laws of mechanics we thus speak of bending moments 
(B. M.), and twisting moments (T. M.) Bending and twisting 
moments are due to external causes, and produce in the 

11 
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material on which they act, tensile and compressive stresses and 
shearing stresses. 

(15) Working Stress. — It is not so important for the designer 
to remember the ultimate resistance or '* breaking strength " of 
the material he uses, as to know the working stress or " safe 
load" to which the material may be subjected in actual con- 
struction. This safe load evidently depends upon the kind of 
work the material has to do, and the nature of the stress it 
has to withstand. For instance, the safe load may be higher in 
such cases as columns of buildings, where the load remaining 
practically still and unchanged is termed a " dead load,'' than 
in the case of railway bridges, where the load is constantly 
changing and is known as a ** live lo<id" while again parts of 
machines, such as the piston and connecting-rods of engines 
must have a still lower working load in consequence of the 
stresses being alternately tensile and compressive. 

The following tables give fair average values of the breaking 
strength and safe working stresses under the conditions referred 
to for the common materials of construction, which will be 
adhered to throughout this work : — 



TABLE I.— Breaking Strength and Weights. 
(Fob Short Pieces only in Thrust. ) 



MetaU 


Tension per 
Square Inch. 


Thrust 
per Square Inch. 


Shearing Stress 
per Square Inch. 


Weight. 


Tons. 

8 
23 
21 
18 
30 

13 

11 
13 


Lbs. 


Tons. 


Lbe. 


Tons. 


LtM. 


Lbs. per 
cu. ft. 


Lbs. per 
cu. in. 


Cast iron, . 

I Bars, 

( » + 
Mild steel, . 

Gun-metal, ( 
= Cu + tm, ( • 

Brasses, r 
=Cu+zino, I ' 

Copper, 


18,000 
61,500 
47,000 
40,000 
67,000 

30,000 

24,500 
30,000 


45 
23 

... 
... 
30 

... 

... 

... 


100,000 
51,500 

... 
... 
67,000 

... 

..• 

... 


6 
20 
17 

• •• 

24 

• •• 

• •• 

• • • 


13,000 
45,000 
38,000 

• • • 

54,000 

... 

■•• 

••• 


468 

[490 

480 
546 

5U 
555 


0-271 

0*283 

0-278 
0-316 

0-300 
0-321 
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TABLE n. — Okdinabt Working Stresses ik Poninw per 

Square Inch (Unmn). 



Metal. 



Cast iron, . 

Wrought )?»;£ 
iron. 



Mild steel, 



Plates II 

+ 



)> 



Tension 
andThnut. 



1 

A 



4,200 
15,000 
15,000 
12,000 
20,000 



t 



2,800 
10, 
10, 

8,000 
13,200 



0005 
0005 






a-g 



OQ 



1,400 
,000 
,000 
4,000 
6,600 



Shearing Streas. 



1 



12,000 

10,000 
16,000 



•s 

c 
« 



2,300 
8,000 

6^600 
10, 



6005 



A f3 V 

goOQ 



4,000 



3,300 
,300 



Tordim. 



2,100 



I 
I 



1,400 



700 
6,0004,0002,000 



8,0005,4002,700 



a* 



1 

3«® 



N.B. — The live load as above is two-thirds the dead load, and 
the « hve load with changing stress " is half the live load. 

It is convenient to remember that the shearing strength of 
wrought iron and steel is approximately four-fifths of the tensile 
strength ; and that the tensile and compressive strengths are 
usnally taken as eqnal. 

(16) Stress proportioned to weakest Section. — In calcu- 
lating the strength of separate portions of a machine or structure, 
care must be taken to allow for all the different stresses it may 
be subject to, and to make it sufficiently strong in its weakest 
direction. For instance, if a piece of cast iron be alternately 
acted upon by equal tensile and compressive forces, its section 
must be calculated as a case of tension, because cast iron offers 
so much less resistance to tensile than to compressive forces. 
In like manner, with a piece of unequal section subject to 
uniform stress, its strength must be calculated on its smallest 
section, since that is obviously where it is most likely to yield 
first. It is for this reason that in all screwed bolts or spindles 
the section at the bottom of the thread must be taken as the 
effective area resisting breaking. 

(17) Units of Measurement. — The unit of area adopted in 
the following pages will be "th>e squa/re inch^^ and the unit of 
force " the pounds* or " the ton^^ hence stresses will be expressed 
either as " lbs, per sq, inch,^* or as " tons per sq, inch" 

The following expressions will also be adhered to as represent- 
ing the safe working stress per sq. inch : — 

ft for tensile. 

fc for compressive. 

f, for shearing stresses. 
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As a general mle, the letter d will be nBod to represant 
di&meter; d meaning diameter of rod or riTet, d, diameter of 
shaft or spindle ; and so on. 



SECTION XV. 

BOLTS AHD NUTS— SOBEW THREADS. 

(18) Bolts, Studs, and Borewa. — Bolta and nuts are the most 
common form of temporary fastenings employed in engineering 
construction. In general machine practice thej are made as in 
Fig. 103, where the bolt head and nut are of hexagonal shape, 
either left "black" as forged, or "finUhsd" by machinery, accord- 
ing to the quality of the work on which they are used. 



Fig. lai. Big. 10*. 

In rough work, such as bridges, roo&, and similar structui-es, 
a much cheaper make is used, where the head and nut are square 
in shape, as in Fig. 104. 

For work where only the nut is seen, a square head bolt, or ft 
black hexagon bolt with a finished hexagon nut, is used. 

It is not always possible, as will be more clearly seen lateri 

Fig lOBo. Fig. 103B. 

to use this form of bolt and nut. Hiere are two other forms In 
common nse, one of which consists of a piece of rod screwed at 
both ends and used with one nut, as in Fig. 105a, called a "itud," 
the other, differing but slightly from a bolt without a nut, called 
a "serea" (Pig. 1066). That part of the body of a bolty stud, or 
screw, left unscrewed, is called the "plain part.' 
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(19) Table of Standard Bolts and Nnts.— The adoption 
in this country of a universal standard of screw threads, and of 
■izes for bolts and nuts, b dae to thelate Sir Joseph Whitworth, 
and is known as the " Whitworth Standard." All ordinary bolta 
and nnts are made to these sizes, the screw thread adopted being 
known as the " WhUvtorth " or " F " thread. 

Diameter. — B7 the diameter of a bolt or nut is meant the 
diameter of the plain part, or the diameter outside the threads. 
It is, of course, the diameter to which a spindle is turned before a 
thread is cut upon it. By a 1" nut is meant a nut for an inch bolt. 

IfutB. — The thickness of the nuts in all ordinary work is, in 
every cose, equal to the diameter of the holts. 



TABLE ni-SizK o» 


WarrwOETH Standard, Boi/tb. Nuts, and 


SCBBW TnBEACS. 












'aiaw 


IHuietaT ud Not TUeIumis 


'M 


rfThiMd* 


S« 


olBolt. >cro» Tanaa. 


a» 


Bolt 










Boit. 


In Not. 








^h,.itM. 








12 


oagy 


0121 


0-057 


0-ll« 




11 


o-sw 


0-203 


0-087 


0172 




10 


©■eia* 


0-303 


0-124 


0-324 







0-733' 


0-423 


0-170 


0-4M 




8 


OWO' 


0-554 


0-220 


0681 




7 


O'SliT 


0-697 


0-280 


0-873 




7 


I'oer 


894 


0-340 


M88 




6 


1161" 


1-060 








6 


l-SSO" 


1300 


0-490 


2«S8 




A 


IMQ" 


1472 








fi 


1-494" 


1-753 


0-680 


2^ 




4t 


1-6110' 


1-9S7 








41 


1-715' 


2 311 


0-880 


4^ 




4 


l-93Cr 


2-925 








4 


2-180^ 


3-732 


1-37 


e-H) 




31 


2-384' 


4-465 








31 


2-e34' 


6-450 


1-93 


14-14 



H.B The following role Is a useful one to lemember :— Size 

across flats equal li D + ^ in inches. 

Square nnts and lolt heads are made the same size across flats 
as hexagon nuts and heads. 

(20) Fitch. — By the pitch {p) of a screw thread is meant the 
distance between the centres of two threads next to one another, 
A screw with eight threads per inch of length is, therefore, of ^' 
pitch, and a nut upon it would advance }' for every revolution. 

The same word is used for the distance between the centres of 
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bolt or rivet holes, so that we speak of bolts of 5" pitch, or rivets 
of 2^" pitch. 

(21) Whitworth or V Thread. — A section of this thread is- 
shown in Fig. 106. The angle between the sides of the thread 
is 55**, and each thread is rounded off at the top and bottom one* 
sixth of the total depth. This form gives great strength, combined 
with great frictional grip, when an inside and outside thread aro 
screwed together, and there is thus considerable resistance offered 
to nuts or bolts working loose. These properties make it especi- 
ally useful for listening purposes, but lessen its efficiency for 
purposes where much movement is necessary, as for adjusting 
pieces or for transmitting work in machines. 

(22) Square Thread Screw. — The next most common form, 
of screw is known as the square thread, owing to the sides of the 
thread being perpendicular to the axis of the spindle. Its form 
in section is shown in Fig. 107. The width of the thread ia 
equal to the space between the threads, and is, therefore, equal 
to half the pitch. The depth of the thread ia H p when 
accurately made, but in drawing the thread it is sufficiently 
near to make the depth equal to half the pitch. The pitch of a 
square thread is usually made twice the pitch of a V thread of 
the same diameter, it has, therefore, only half the number of 
threads per inch of length. There is very little frictional grip 
between this thread and nut, and, therefore, less wear than with 
the V thread ; it is consequently well adapted for screws subject 
to much movement, such as the leading and feeding screws of 
lathes, and other machines for which it is largely used. 

(23) Knuckle or Bounded Thread Screw. — ^A modification 
of a square thread, known as the rounded or knuckle thread, 
has the top and bottom of the threads rounded as semicircles^ 
as shown by dotted lines in the right-hand threads of Fig. 108. 
Its advantages are, that it is less liable to injury from blows, 
having no square corners to be damaged, and it slips more 
easily into or out of a portion of a nut when requiring to be 
thrown in or out of gear, as in the saddle of a screw-cutting 
lathe. 

(24) Buttress Thread Screw. — This is a combination of the 
V and square threads, and is shown in Fig. 109, one side being 
square with the axis, the other inclined at an angle of 45**. It 
is used largely where the resistance is in one direction only,^ 
as in breeches of guns, screw presses, &c. 

(25) Drawing Screw Threads. — Strictly speaking, a screw 
thread is a helix, and if properly drawn requires a somewhat 
lengthy geometrical construction, as already described in Problem 
Ivii. In ordinary workshop drawings this would mean a great 
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waste of time, &nd as a conseqaeuce the following approxi- 
mate methods are adopted in drawing offices : — 



WHmroirTH Vet T>iiitAi)> 

Hg. 106. 



Rounded Thread 
FIg.IOS. 

V Threads (Fig. 110, a, h, e).— (a) For 
diameter the screw is drawn in by hand 
as shown; with larger sizes the proper 
number of threads per inch may be set 
out, and a S5° set square used. After 
a little practice it is possible to show 
threads in this way with good accuracy 
and considerable ease. 

(p) Same as (a), but adding the cross 
lines, those joining the bottoms of the 
threads being darker than those joining 
the tops. 

(a) Parallel lines, representing the 
diameter, are drawn for the whole length 
of the bolt, and cross lines, at the proper 
angle and distance apart (^ the pitch), 
are then drawn as shown, the darker 
alternate lines not going right across 
and representing the bottoms of the 
threads. This is perhaps the neatest 
method, and will be generally adopted 
in the examples of this book. 

To obtain the correct angle of slope 
of the lines, it is best to set off a dis- 
tance equal to half the pitch as shown 




Pig. no. 

at a 6 (Fig. 110, e). 
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Then the line joining the point a to b represents one thread, 
the other lines -.being drawn parallel. 

(26) Square Threads. — These are usually represented as shown 

P 
in Fig. 110, c^. Start by setting off a distance of ^ to obtain the 

correct inclination of the lines as in Fig. 110, c, and then draw 
parallel lines a distance apart of ^* 

(27) Bight- and Left-Handed Screws. — Screw threads may 
be either right-handed or left-handed. The threads in Fig. 110 
are all right-handed, and it will be seen that if a nut be turned 
round on the thread in the same direction as the hands of a 
watch it will move along the thread away from the starting 
point. A left-handed thread is exactly the reverse of this, and 
the lines representing the thread would, therefore, slope from 
left to right, and not as with right-handed threads from right to left. 

(28) Gkts Threads. — There are many parts, such as pipes and 
their connections for gas, water, and steam, which cannot be 
screwed with such deep threads as the Whitworth standard. 
The thread adopted is of V form but of small pitch, the number 
of threads per inch of length being as follows : — 

Diameter of pipe, i" f 1" l^' ST 

No. of threaos per inoh, 14 14 11 11 11 

N.B. — The diameter of iron pipes is measured internally and 
of brass pipes externally. 

EXAMPLES. 

(1) Draw correctly in sectional outline and fully dimension 
four or five threads of (a) Whitworth V thread, (b) square thread, 
(c) buttress thread. 

(2) Draw a screw thread upon a cylinder 2*^ diameter for a 
length of 3" by drawing office method, (a) Whitworth V thread, 
(b) square thread. 

(3) A hollow cylinder 3^ internal diameter, 6' external 
diameter, 4:" long, is screwed internally. Draw a longitudinal 
section showing the thread (a) Whitworth V thread, (6) square 
thread. 



SECTION XVI. 

HUTS. 

(39) Hexagonal Nuts (Fig. 111}.— Thickness - diameter (d); 
size across flata ■=■ l^" d + ^'. 

A hexagon&l nut onl; differs irom a plsia hollow hexagonal 
prbm in having the corners of one base 
bevelled or "chamfered" off to give 
greater finish. Hence the drawing of 
a nut in different positions is almost 
identical with the projection of a hexa- 

fonal prism, and should present no 
iSculty after working the problems 
of pp. 108,110,118. 

The "chamfer" of the comers is 
usually done at 45° to the axis of the 
nut, and proceeds until a complete circle is formed on the base. 

Manj engineers adopt the practice of chamfering nuts on both 
&ces, or if they use nuts oul; chamfered on one face, they fit 
them with the chamfer next the work in order to prevent the 
sharp corners of the nuts cutting the metal t^inst which they 

(30) Drawing of ITuts. — The number of nuts (or bolt heads) 
required to be shown 
on machine drawings 
is generally very great, 
and it is necessary to 
adopt a quick and ready 
method of drawing 
them. It ia frequently 
necessary to draw either 
or both of the views 
A and E (Kg. 112), 
without on the same 
drawing requiring to 
show the other view 0, 
therefore it is necessary 











VF 






■1 


A 


.rf.^ 




B 














^-^1--* 




Fig. 112. 



to have a method which will allow of this being done without 
requiring the separate drawing of the view 0. 

The following are the usual methods adopted : — 
(a) For showing a nut across the comers (3 faces) as at A, 
Fig. 112, make the distance across the comers equal to twice the 
diameter, and the width of the middle face equal to the diameter. 
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(6) For showing a nut across the flats (2 faces) Fig. 112, B^ 
adopt the rule for sizes already given (§ 29). 

But when the view C, Fig. 112, must be shown upon a draw- 
ing, it is better to draw it before the views A and B, making the 
circle, round which the hexagon is drawn, equal in diameter to 
l^ d + I, and then projecting either the view A or B from it. 
When this is done the side of A across the comer will not bo 
exactly 2 d, especially for nuts above 1" diameter. 

One very important rule, which should be always adhered to, 
is that when only one of the two views, A or B, is required, tho 
first one should be adopted — that is, a nut should always he shown 
across the corners rather than across the Jktts. The reason for 
this is that one seldom wants to know the greatest clearance 
between parts of machines, but the least clearance. If a nut is 
drawn across the flats it does not show the least, but the greatest, 
and is thus misleading. 

Students will find this apparently small point is really one of 
great importance, especially when designing such parts as 
flanges, covers, <kc., the size of which depends, to a large extent,, 
upon the size of the bolt and nut used. 

The sizes of ordinary bolts and nuts need not be marked upon 
drawings, except the diameter and length. It is a waste of timo 
to dimension the nut or head, or to write on the pitch of the 
thread except in unusual cases, as bolts and nuts are all made ta 
standard sizes, and the workman only requires to know the 
diameter and length in order to obtain them from the stores. 

The rule as to making the size of a nut across the corners 
equal to twice the diameter is intended to hold rather for 
d/rawing a nut than as a safe rule for determining sizes when 
designing. In such cases it is better to draw the hexagon, 
knowing the size across the flats equals \\ d ■\- |", and measure 
the size across the comers from it, or to consult Table III. 
(p. 165). 

Fig. 113 shows the drawing office method of showing the 

chamfer using the rule that, size across 
comers = 2 c^. A semicircle is drawn of 
radius = diameter of bolt, which gives both 
the height and the limit of the width. The 
completion of the view is then easily and 
quickly accomplished. To completely draw 
a nut it is necessary to draw lines at 45,*^ 
as shown in Fig. 112, A, but in most draw- 
ings this is omitted. 

(31) Lock Nuts. — In pieces subject to rapid movement, which 
are held together by bolts and nuts, there is a considerable 




Fig. 113. 
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tendency for the nut to work loose owiug to constant vibrationf 
this is prevented by using two nuts, one screwed tightly down 
upon the other, the top one being termed a lock nut. As the 
duty of this second nut is only to jamb the first and not to take 
much or any of the stress, it may be mnch thinner than the 
Qsual standard. As a general rule, the thin nut is made equal 
to half the bolt diameter. 

In ordinary practice the nuts are arranged aa shown in Fig. 
114, the thin nut being the lock-nut 
Many authorities, however, say the 
tbin nut should be inside, an arrange- 
ment which is not practically as con- 
venient, owing to the fact that ordinary 
spanners are frequently too thick to 
admit of fitting on the thin nut when 
it is so placed. Many engineers use an 
ordinary nut for a lock-nut, thus having both nuts the same 
thickness. 

Lock-nuts are chamfered on both faces. 

(32) Methoda of Iiooking Nuts. — There are many other 
ways of locking nuts. The most common, perhaps, is to drive a 




Fig. 114. 




Eig. 116a. 



Pig. lies. 



taper or Bplit-pin through the bolt just above the nut (Fig. llSn), 

but this scarcely locks the nut, although it prevents it screwing 

off. A better arrangement is to drive a strong taper-pin with a 

split end through the nut and bolt when screwed home, the end 

being then opened out (Fig. Il5b). 

Still more certain guards are obtained 

by using one of the three methods, 

abc (Fig. 116). In the first (a), a 

set-sorew jambs against a part of the 

nut, turned cylindrical, to form a 

collar ; in the second (b), a pin is 

screwed into the piece against which 

the nut bears, close up to one &ce 

of the nut, diameter of pin not less 

than }* ; and in the third (c), a guard plate is fitted accurately 




Fig. lieo. 
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against two or more faces of the nut, and screwed down firmly 
to the body of the piece^ thickness of guard plate ^ (2 up to f • 





Fig. 1166. 



Fig. 116c 



In parts subject to much movement, especially when they are 
internal, such as piston and valve attachments, great care must 
be taken to ensure absolute security against unscrewing. 

There are numerous other forms of locking arrangements 
which may be seen largely illustrated in the various engineer- 
ing journals. 

(33) Washers. — ^Washers are thin circular plates made with 
central holes slightly larger in diameter than the bolts over which 
they fit, and are frequently used between a nut and the part 
against which the nut would otherwise bear (Fig. 117). They 
prevent the nut cutting into the metal, and thus allow of its 

being screwed more tightly home. They 
are made to standard sizes, and are used 
by some makers for almost all purposes 
where nuts are employed. Their use gives 
a better finish, and they are also very use- 
ful as packing. Spring washers are occa- 
sionally used, which, by jambing against 
the nut, acts as a locking arrangement. 
Ordinary washers vary in thickness according to diameter, 
from about ^" to ^9 <>r, say, thickness = 0*16 d. In diameter 
they should project beyond the edges of the nut by about 
^" to ^"f according to the size of bolt. It is not necessaiy 
to dimension washers, except those of unusual sizes, which 




Fig. 117. 
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require special making, and it is unnecessary to show them on 
drawings of their absolute exact size, since they are made in 
large quantities to certain standard sizes, according to the bolt 
diameters. 

Washers are also necessary when the hole through which the 
bolt passes is much larger than the bolt, and when the nut 
would probably only bear upon its corners, or when screwing 
down nuts against wood or stone. They must then be made of 
increased thickness — say, equal to ^ d, 

(34) Covered Nuts. — It is sometimes necessary to cover the 
end of a bolt on which the nut is screwed, to protect the end of 
the bolt from injury, or to prevent the entrance of dust, as in 
wheels of vehicles, or to prevent contact with water, as in marine 
work, where the open end of an iron rod, cased with brass, 
must be covered. In such cases a covered 
nut is used, of the form shown in Fig. 
118. These are generally of cast metal, 
and are made with a collar to act as a 
washer. No difficulty need be experienced 
in designing nuts of this form, they should 
be made one size larger across the flats 
than ordinary nuts of the same diameter, pjg ' ug 

owing to their being cast and not wrought, 

and the depth of the screwed part should equal the bolt diameter. 
Beyond this room must be left for the end of the bolt to come 
through for one full thread, then a small clearance, and after- 
wards the cover, which will vary in thickness from a minimum 
of about ^ or ■^*. The thickness of the washer may be equal 
tojcf. 

EXAMPLES. 
SOALE — FuU Size. 

EX. 1. — Draw three views of a hexagonal nut for a 2^^^ bolt, 
not showing the thread. 

EX. 2. — Draw three views of a covered hexagonal nut for a 
2^" bolt, one elevation to be in section. Show the end of bolt 
in position. The thread is to be shown. 

EX. 3. — Make drawings of three arrangements for locking a 
\\" bolt and nut. Dimension the parts. 
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SECTION XVII. 



Ukntion has already been made of the difference between a 
bolt, screw, and stud, and it now remains to pqint out where 
each is used, and to generally consider their working conditions 
iind strength. 

(36) ITse of Bolts. — Bolts are always used where possible, 
on account of the small trouble and time required to fix them. 




Fig. 119 la a good example of the use of a bolt for holding 
together two flanges, the flange in this case being an outside 

(36) Use of Studa.— In Fig. 120 the flange is trutde, a very 
common form of construction in engine work, and always neces- 
sary for such parts as covers of manholes or handholds. Hero 
it is not possible to use bolts, and Huds must be employed. 
This necessitates that the boles in the inside flange shall be 
.Bcrew-tapped, and one end of the studs screwed into the hole np 
to the plain part. The cover is then dropped over the studs, and 
the nuts screwed home. The etude are, therefore, jixlures, and 
ju'e not removed each time the joint is broken, as in the case of 
bolts. This is a great advantf^e, and is often so convenient 
that studs may be used with outside flanges in order to gain it. 
It should also be remembered that the use of studs instead of 
liolts for outside flanges materially reduces the diameter of the 
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£ange, an important consideration where the weight of the 
parts must be kept down. But many engineers avoid the use 
of studs wherever possible, owing to their liability to corrode, 
■and to break off across the bottom of the plain part, leaving the 
screwed end in the hole. This causes much trouble to remove. 

It will be seen from Figs. 120 and 121 that an extra piece of 
metal is cast on the under side of the flange directly beneath 
the stud, and that the hole for the stud is not drilled right 
through. This practice is adopted to obtain sufficient length 
when it is desired to prevent holes being open to the inside of 
the casting in order to avoid the chance of leaking, as in 
cylinders, condensers, pump-chambers, &c. Such holes are 
<2alled "blind holes,** and are open to objection, owing to the 
difficulty in tapping them. 

(37) Use of Screw. — Cases often occur where a pipe or 
bracket requires flxing to two faces which are, say, at right 
angles to each other, as in Fig. 121. Bolts cannot be used at 




Fig. 121. 



either joint, and it will be easily seen that studs could not be 
fixed in both cases, as it would then be impossible to slip the 
pipe in position, the studs in one flange preventing the other 
going on. It is necessary, then, to make one joint with studs 
(the upper one), and afterwards to use screws, as shown, to make 
the other joint (the lower one). It will be seen that the screw 
also requires a " tapped " hole in the part to which the pipe is 
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fixed, and that it is then screwed home until the head bears 
down tightly upon the flange. Instances may occur where three 
or more branches require fixing, and where screws must be used 
for all except one joint. 

Studs and screws must never bear agamst the bottoms of the 
holes into which they are screwed. If the end of a stud bears 
against the hole it is not likely to be as tight as if screwed down 
to the end of the screwed part, while it is evident that a screw 
must only bear against the underside of its head. 

(38) Clearing and Fitting Holes. — It is evident that the 
boles in the flanges of Figs. 119 and 121, and through the cover 
of Fig. 120, must be slightly larger in diameter, as shown in the 
drawing, than the bolt, stud, or screw. The holes are then 
spoken of as " clearing '* holes, and are generally made -J^" to -^^ 
larger in diameter than the bolt. Finished bolts may be given 
a less clearance than "black" bolts. In many cases, as in 
couplings, connecting-rods, &c., the bolts are made to fit tightly 
in the holes, and are then distinguished as "JUtingJ* It is often 
necessary to write on the drawing which are '* clearing'* and 
which "JUting " bolts. ' 

Tapped holes, for the use of studs and screws, are generally 
shown upon a drawing by two circles, the outer one being of 
diameter equal to the bolt 

The actual fixing of bolts is left to the workman, but it is 
still necessary that they should be correctly drawn. Hence the 
student should notice that the length of the plain part of the 
bolts in Figs. 119, 120, and 121 is in each case less than the thick- 
ness of the flange or flanges through which they pass. If this 
were not so the end of the thread would be reached before the 
flange, and the joint could not be made tight. 

(39) Froportions of Bolts. — Bolts of all forms are almost 
entirely used where they are subjected to purely tensile stress 
alone, the chief exception being the bolts for shaft couplings, 
which are subject to shearing. It is, therefore, easy to see in 
what way their correct proportions may be ascertained. A bolt 
(as in Fig. 119) might yield by (a) pulling apart across the 
section where the thread 'ends, (b) stripping the thread through 
the nut by shearing, (c) shearing ofl* the bolt head. A stud or 
screw (Figs. 120, 121) might further yield by stripping the thread 
from the holes into which it is screwed. 

If the student equates the resistance of the material to each 
of these actions, taking the resistance to stripping as being equal 
to the resistance to shearing, the nuts and bolt heads will appear 
to be much thicker than necessary. The actual proportions 
adopted are the outcome of experiments, during which it was 
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shown that the threads w«re injured when the thickness of the 
nuts were less than seven-tenths of the bolt diameter. 

(40) Strength of Bolts.— The strength of a bolt, stud, or 
screw is taken as being its resistance to breaking across the 
section at the bottom of the thread. 

Evidently, however, care must be taken to screw a stud or 
screw sufficiently far into the tapped hole to ensure good hold- 
ing power. The following rule is generally adopted : — 

Studs and screws should be screwed into metal a distance cf 
from 1^ to 1^ times their diameter. 

In order that this may be possible, it is often necessary to 
thicken the part into which the screw or stud screws, by means 
of "bosses,'' such as shown in Figs. 120, 121. 

It may also be noted that in screwing up a bolt or nut, the 
friction between the tw^o gives rise to a shearing action on the 
bolt^ due to its tending to turn with the nut. 

EXAMPLES. 
ScALB — Full Size. 

EX. 1. — Make a drawing showing one front and two end 
elevations each of — (a) bolt and nut; (b) stud and nut; (c) 
screw — of l^'' diameter, the bolt to be used for two flanges IJ" 
thick, and uie stud and screw for flanges IV thick (see Figs. 
103, 105). 

EX. 2. — Draw a front and side elevation and a plan of a 1' 
bolt 3^^ long with nut, when the axis of the bolt is inclined to 
the ground at an angle of ^O"". 

EX. 3. — Make drawings to show the diflerent uses of a bolt, 
stud, and screw, as in Figs. 119, 120, 121, to the following 
sizes : — 

Fig. 119.— Flanges, f" thick; other parts, ^^ ; bolt, f dia- 
meter; distance of centre from inside edge of metal, \V, 

Fig. 120. — Flanges, f' thick; stud, |-" diameter; distance of 
centre from inside edge of metal, l^''. 

Fig. 121. — Pipe, 2" diameter; flanges, 6 J" diameter, J* thick; 
studs and screws, f diameter ; centres, l" from outside edge of 
flange ; centre of top flange, i^" above face of bottom flange ; fjBM^e 
of top flange, 5^" from centre of bottom flange. 
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^ SECTION XVIII. 

FLANGES AND BOLT CONNECTIONS, 

(41) Connection by Bolts. — There are a large number of 
machine parts held together by bolts and nuts, the proportions 
of which are not altogether determined as questions of strength, 
but largely depend upon the size of the bolts used. 

For instance, suppose a drawing is being made of the connec- 
tion of two 4" cast-iron pipes — thickness, f ; diameter of bolts, 
I"; number of bolts and thickness of flanges being known. The 
draughtsman requires to find the "radius of bolt-circle" and 
" diameter of flange." 

Note, — The former is expressed as a ^'radiiut,** because the workman has 
to draw the circle npon the flange in marking out the bolts, for which pur- 
pose the radius is most convenient ; and the Utter as a '' diameter ^^ because 
that is the size requii:ed in turning the patterns of the flange. 

The extent of the flange does not aflbct its strength, and we 
have only to arrange to get the bolts nicely in. 

Let Fig. 119 represent a part section of the flanga There 
will be a "fillet" where the pipe and flange join of about J*' 
radius, and unless this is to be cut away, it is obvious there must 
be at least \" clearance between the pipe and the comer of the 
nut. Therefore the radius of bolt circle may be : — 

T, J. 1. . . .-I ^, . , , nut across corners 
Kadius of pipe inside + thickness + clearance + s 

1 * 
.'. rj = 2 -h f + J -f. -^ = 3^" (to nearest ^" greater). 

In the same way the diameter of the flange is arranged to give 
just enough metal beyond the corners of the nuts to allow a 
proper finish. This distance varies in ordinary flanges from 



1 " t^ 1" 

The student should notice that if the distance between the 
bolt holes and the outside of the flange were too small, there 
would be a tendency for the metal to crack when screwed 
tightly up. With a proper thickness of flange, however, this 
is scarcely likely to happen. 

Therefore the flange diameter may be : — 

2 (radius of bolt circle + corn r ^ ^^^ beyond nut j 

.-. (^^ = 2 U^^ + 1h + l^ = 8^^" (to nearest J" greater). 
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(42) OonndOtion by Studa. — We -will now take an dzatuplu 
of the same kind vhere a stud is used. 

Let Fig. 122 represent a part section of the casting of an 
ordinary plummer block, P fi, the cap 
C of which ie to be held down by J" 
studs. To find the distance between 
the centres of the studs, and length of 
cap. • 

If the holes are drilled too near the 
edge of the metal, there is a danger of 
cracking the metal when screwing the 
stud borne, especially if the stud is 
tight. Therefore the distance (a. Fig. 
122) of the stud from the outside edge 
of the surrounding metal must be ' jij ^22. 

sufficient to prevent this. 

Distanoe of Studfi from Edge of Metal. — The role followed 
In practice iB to allow a distance of not less than half the diameter 
of the Btnd. In bearings, cylinder covers, ftc., it is generally 0-7 d 
to d. In the case of tight joints it mnst be considered together 
with the question of the width of the joint. 

Therefore the distance from centre of bearing to centre of 
stud may be 2" + ^ + f' = 2J-", and distance between centres of 
studs -^ 6}'. Allowing the same amount of metal on the 
other side of the stud, the size across the block will be 
2 i^'w + t + J) ~ ^i'' '^^^'^^ is also equal to the length of the 
cap. Or if we calculate, as in the first example, for the 
diameter of the flange, we find that a length of 7^" allows about 
y beyond the nut, and is, therefore, satisfactory. 

Precisely this same method and reasoning applies to nearly 
all parts connected by bolts and nuts, or studs and screws. 
Examples will constantly occur in such parts as flanges of pipes 
and valves, couplings, covers of cylinders and slide chests, 
connecting-rod ends, caps of bearings, stuffing-boxes, &c. In all 
these cases the size of the bolt determines the proportions of the 
parts around the bolt, and the student should now be able to 
find these proportions in all future work and not require to be 
told them. Certain other considerations may slightly afieot 
particular cases, but these will be referred to as they occur. 

(43) Dimensioning Farts. — In deciding the dimensions of a 
certain part, some regard must be paid to its general purpose. 
It may be necessary in intricate machines to work to such small 
units as hundredths or even thousandths of an inch, but it would 
be absurd to measure so finely in ordinary work. Few parts of 
engines or machines require to be measured to less than the 
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nearest ^"^ and in the sizes of flanges, couplings, covers, (fee, the 
nearest ^ is the smallest unit worked to. The student should 
now learn to distinguish these points for himself; no good 
designer, for instance, would think of dimensioning the drawing 
of an engine or lathe bed as accurately or to as small dimensions 
the details of a link motion or slide rest. 



EXAMPLES. 

« 

Calculate the radius of bolt circle and diameter of flanges and 
cover in the following examples : — 

EX. 1. — Cast-iron pipe 6" outside diameter, radius of fillet I*', 
diameter of bolts f, 

EX. 2. — Cover for handhole of i^" diameter, diameter of 
studs f^ 

EX. 3. — Cap for plummer block as in Fig. 122, where the 
distance marked 2" in the figure is 4f "", studs ^" diameter. 



SECTION XIX. 

STRENGTH OF BOLTS AND FLANGED JOINTS. 

It has already been stated that the strength of a bolt, stud, or 
screw is taken to be the tensile strength of the section at the 
bottom of the thread, and it now remains to consider what shall 
be the ordinary working load on this section. 

Bolts used in flanges or covers require to be screwed up to 
make the joint tight before the load, due to internal pressure, 
comes upon them. This screwing up produces a tensile stress in 
the bolt, which may be sufficient in itself to produce breaking, 
unless the workman exercises care. For this reason, bolts of less 
than t" or f " diameter should not be used for steam-tight joints 
or for water joints at high pressures. Smaller bolts are often 
used, but they are always liable to break in screwing up. 

It is, therefore, necessary to take a very low value for the 
stress per square inch on cover bolts due to the internal pressure 
alone, in order to allow a good margin of safety for screwing 
up ; but apart from this the bolts must be close enough together 
to prevent the joint leaking between the bolts, and this may 
require so large a number of bolts as to reduce the load upon 
them to a very low value indeed. 

But this tendency to leak between the bolts may be prevented 
by increasing the thickness of the flanges or cover, instead of 
the number of bolts. The student should, therefore, recognise 
the difficulty of laying down any hard and fast rules, and must 
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t>e prepared to consider all the conditions affecting any particular 
joint. The author has particulars of practical examples of pipe 
joints for steam pressures of 100 lbs. per square inch, where the 
stress on the bolts, due to internal pressure, is as low as 1,000 
lbs. per square inch, and of cylinder covers for the same pressure, 
one of which had eight J" bolts for a 6" cylinder, the other 
having only six bolts of the same size, although the cylinder was 
8^" diameter, the cover of the latter being much thicker than the 
former, and the greatest stress being 4,000 lbs. per square inch. 
The following values will serve as guides for calculation : — 

(44) Stress on bolts due to internal pressure, allowing 
for stresses due to screwing up. 

Diameter exposed to pressure less than, 6" 10" 16' 

Stress on bolts in lbs. per square inch, 2,000 3,000 4,000 

Diameter of bolts, f" to f ftol" 1" to H" 

(45) Fitch of Bolts.— For covers and flanges in steam-engine 
work; pitch not to exceed five times diameter of bolt. 

For the covers of condensers and air pumps where the pres- 
sure is low, or for exhaust steam or water pipes, the pitch may 
equal six or eight times the bolt diameter. 

(46) Thickness of Covers and Flanges. — This usually bears 
some relation to the thickness of the pipe or cylinder barrel, but 
it is also decided by the size of the bolts used. If the flanges are 
too thin the metal will crack, due to the stress of screwing up. 
The following agrees generally with actual practice : — 

Thickness of covers or flanges should not be less than the bolt 
diameter, and is generally equal to it. 

(47) Example. — The following example will illustrate the 
method of considering a practical case. It should be noticed we 
must pay attention to the bolt pitch, as well as to the working 
load : — 

Cylinder 10" diameter at cover, steam pressure 115 lbs. per 
square inch. Find size and number of bolts. 

Area = 78-6 sq. in. Total pressure = 78*6 x 115 = 9027 lbs. j 
•*• total bolt area required at 3,000 Ihs. per square inch 

9027 o • V. 

= qooo = 3 square mches. 

3 
If i" bolts, then number = ^^ = 10 

1* — ^ — Q 

»» 8 »» »♦ - 042 ~ ^ 

Radius of bolt circle (roughly) = 5 + J + f = 6J*. 

OQ.R 

.•. circumference = 38-5", . '. pitch of J" bolts = ~ = 3-85" and }"' x 5 

s 3*75", so that ten ¥ holts will satisfy sufficiently the conditions of 
strength and pitch. 
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In the same way if eight I" bolts are used, the pitch would 
require to be about 5", which is greater than five times the 
diameter. Using nine bolts, or adding to the thickness of cover 
would meet the case. 

EXAMPLES. 

Calculate the number and diameter of bolts for connecting the 
following flanges or covers : — 

EX. 1. — Pipes of 8 J" diameter, thickness ^'\ steam pressure 
100 lbs. per square inch above atmosphere. 

EX. 2. — Cover for condenser 9" diameter of hole, intei*nal 
pressure 5 lbs. per square inch above atmosphere. 

EX. 3. — Cover for slide valve chest, size inside chest 12 J" x 
6^", steam pressure 120 lbs. per square inch above atmosphere. 



SECTION XX 

PIPES AND PIPE CONNECTIONS. 

(48) Pipes. — ^Pipes for the conveyance of steam, gas, or water 
are made of wrought iron or steel, cast iron, and of copper, the 
latter being chiefly restricted to marine work. 

The thickness of cylindrical pipes to resist bursting may be 
easily found as follows, when the maximum pressure, diameter, 
and resistance of the material is known : — 

Let dp ^ internal diameter in inches (when the thickness is 
great, dp should equal the mean diameter). 
I = length of pipe or cylinder, neglecting flanges, in 

inches. 
t = thickness of pipe or cylinder in inches. 
P =3 maximum internal pressure in lbs. per sq. inch. 
/t = safe stress in the material in lbs. per sq. inch. 

Then the bursting effort is equal to "P xdxl, and this is 
resisted by the tensile strength of the two sections of the shell, 
each being of length I and thickness t, the total resistance being 
2 (Ixtxf,), 

.-. 2{l.t./,) ^T.dp.l. 

' 2// 

In actual engineering practice the thickness of pipes, especi- 
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ally when made of cast iron, is always in excess of the thickness, 
calculated in this way in order to meet the requirements of 
manufacture. 

(49) Iron and Steel Pipes. — ^Wrought-iron or steel pipes or 
tubes are generally manufactured as a speciality, and are obtained 
by the users from the makers who guarantee them of given strength. 
Thej are usually made in lengths of from 12 to 16 feet. 

Tubes of 12" diameter may be used with a working pressure 
of 500 lbs. per square inch, the pressure increasing as the 
diameter decreases. It is, therefore, sufficient for the purposes 
of this work to notice only the following proportions : — 



Diameter in inches, 1 to 2} 
Thickness in inches, -fy 



3toi 



^toQ 



^ 



A 



7 
i 



(50) Cast-iron Pipes. — The thickness of cast-iron pipes is a 
question of foundry possibilities rather than one of theoretical 
strength. It is impossible to cast thin pipes with any degree 
of uniformity, the result being that cast-iron pipes and cylinders 
are invariably much thicker than theoretically necessary. A 
workable thickness is given by taking the greatest resistance of 
the material as equal to 1,800 lbs. per square inch, taking care that 
the minimum thickness is not less than ^ for short lengths, 
and -^^ for long lengths. The following are practical proportions 
for pressure up to 250 lbs. per square inch : — 

Diameter in inches, 2 to 6 7 8 9 10 
Thickness in inches, f to ^ ^ | -H i 

(51) Copper Pipes. — Copper pipes are made from malleable 
sheets and may be as thin as ^", The thickness for any diameter 
and working pressure may be found by taking the greatest 
resistance of the material as equal to 3,000 lbs. per square inch. 
The following are practical sizes for pressures up to 100 lbs. per 
square inch : — 

Diameter in inches, 1 to 6 8 to 12 12 to 18 

Thickness in inches, AtoT^ ito^ itoi^ 

The thickness of copper sheets is usually measured with the 
Birmingham Wire 

rzzzzzzzm 
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Gauge. 

(52) Pipe Connec- 
tions. — Wrought- 
iron or steel pipes are 
often connected by a 
simplescrewed socket, 
as shown in Fig. 1 23. 
The pipe ends PP 
and the socket S are screwed with right- and left-handed 




Fig. 123. 
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threads, so that the two pipes are drawn closely together until 
the ends meet, a ring of packing being often inserted between 
them. The socket should embrace a length of each pipe equal 
to from IJ d^ to IJ 4», and in thickness is equal to one and 
A-half times the pipe thickness. 

Figs. 124a, 6« <^ 4 show standard forms of pipe connections. 




Pig. 124a. Fig. 1246. 

(53) Cast-iron Pipes (a). — Here the flanges FF are cast 
with the pipes P P, a ** fillet " of radius equal to the pipe thick- 
ness up to a maximum of Y being cast at the junction of the 
flange and pipe. The flange thickness equals from 1*3 to 1*5 
times the pipe thickness. As this is in excess of the thickness 
required from considerations of bolt diameter, the bolts used for 
cast-iron pipe flanges are generally smaller in diameter than the 
thickness of the flange. 
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(54) Wrought-Iron Pipes (b). — Flanges, FF, of cast iron 
made thicker next the pipe by a spigot, S, in order to give 
a greater length of thread. Some makers are satisfied with 
simply screwing the flange tightly on, as in the lower pipe, others 
use ** back nuts," B N, as shown on the upper pipe, which jamb 
against the back of the spigot, and make a more rigid joint. 
These nuts are better octagonal when of large size. 

The total depth of the flange and spigot is made about one 
and a-half to one and three-quarter times the flange thickness, 
when as on the lower pipe. In the upper pipe the depth should 
not be less than two and one-quarter times the flange thickness, 
in order to keep the back nuts clear of the flange-bolts and 
nuts. The back nuts do not follow the sizes of ordioary nuts. 
They need not exceed a thick- 
ness of ^" to 'I'', and a size across 
the flats arranged to give a mini- 
mum width of metal of f '^ to ■^''. 
The spigot diameter depends 
upon the nut, and should not be 
less than the size across the flats 
of the nut, due regard being 
paid to sufficient thickness of 
metal. Thickness of flanges 
need not be less than bolt 
diameter. 

(55) Copper Pipes (c). — 
Flanges, F F, of gunmetal, made 
thicker by a beading, B, next 
the pipe, the flange and pipe 
being brazed together. Beading 
for pipes up to 8" diameter, from 
Y thick X ^V deep to ^V" t^^ic^ 

X I" deep. The flange thick- 
ness may be from three to four 
times the pipe thickness, and 
should not be greater than the 
bolt diameter. 

It is important to note that, 
although the general aim in 
designing flanges of pipes and 
valves is to keep the diameter as 





Fig. 124c. 



small as possible, yet 
in cases where there is a long range of horizontal piping, 
the flanges serve materially to stiflen the pipes and to prevent 
buckling. In such a case the diameter is often made larger 
than usual, and similarly with a valve having one flange bolted 
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to a cylinder or condenser and the other 3ange supporting a 
line of piping where a rigid joint ia very neceaaary. Also, 
the question of how near the bolts may be placed to the pipe is 
modiiied by whether the pipe ia easily getatable, or placed 
where it is difficult to use a spanner. These points should 
always be looked to. 

(56) Union Joint (d). — This joint is used for small brass and 
copper pipes, where it may be necessary to frequently break 
and maie the joint, as in connections to pressure gauges, port- 
able pumps, &c. Each pipe is screwed fast into a socket, A and 
B, of which A is made with a screwed end and a nut part^ N, for 
holding with a spanner, and B with ti small collar or flange. A 
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loose, partly covered nut, N', forms part of the connection B, 
which, screwing on to the screwed end of A, draws the two pipes 
tightly together against a ring of packing placed between the 
ends of A and B in the space marked p. The oonnactions are 
of cast brass, and the nuts arc made octagonal for compactness, 
and of a size across the flats equal to some size of Whitworth 
standard nut. 

(57) Elbowa and Tee Pieces. — Lengths of piping are con- 
nected together at different angles by means of short bent 
lengths called " elbows," " bends," or " tee pieces." An elbow 
or bend has naually two flanges at an angle to each other, and 
when fixed in a line of piping alters the direction of the line 
according to the angle. A tee piece has three flanges, and really 
consists of a short length of pipe connected at right angles to 
another length, and, therefore, resembling the letter T. It is 
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used to lead off a line of piping at right angles to and from any 
part of another line. 

^8) Order of Drawing. — In drawing pipe connections it is 
sumcient to show two views only, as in Eig. 124, and it is also 
convenient to section one-half of the elevation. When pressed 
for room, it may suffice to show only one-half of the plan. The 
order of drawing should be as follows : — 

(1) Centre lines of both views. 

(2) Lines showing inside and outside diameter. 

(3) Lines showing thickness of flanges and spigot in elevation. 

(4) Draw-in " fillet " of flange, and spigot (decide size of nut 
across flats). 

(5) Decide position of bolts, and show bv centre lines in both 
views. 

(6) Bolts and nuts in both views. 

(7) Decide diameter of flange, and snow in both views. 

N,B. — Arrange the position of the bolts, so that one is seen 
fully in the sectional elevation as in the figures. 

EXAMPLES. 

Make working dimensioned drawings to a scale of 6" = 1' of 
the following pipe connections showing part of the elevation in 
section. Steam pressure 100 lbs. per sq. in. above atmo- 
sphere (see Fig. 124) : — 

EX. 1. — Cast-iron pipes 5" diameter, thickness •^". 

EX. 2. — Wrought-iron pipes 4" diameter, thickness ^" with 
spigots and back nuts. 

EX. 3. — Copper pipe G'' diameter, thickness ^\ 

EX. 4. — Copper pipe If" diameter, thickness -^^^ full, con- 
nected with union joint, as shown in Eig. 124 d. 



SECTION XXL 

CONNECTION OF RODS AND SHAFTS— PIN JOINTS— 
COTTERED JOINTS— KEYS— COUPLINGS. 

Rods and shafts may be connected together with either working 
or fixed joints, the former allowing independent movement of the 
rods, and generally effected by some form of pin joint, the latter 
rigidly connecting the rods as though of one piece, and effected 
by a " cottered joint " or " coupling." 
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(59) Knuckle or Forked Joint. — This is a common type of 
pin joints and in the form shown ia Fig. 125 is used in both 
machines and structures. It consists of two parts, a " forked or 
double eye *' shown at A, and a ** single eye " shown at B which 
fits between the fork of the double eye, the two parts being 
connected by a turned pin passing through both, and shown in 
position in A. 





Pig. 125. 

In designing such a joint the proportions of the pin and eyes 
are made to be of equal strength with the rod. The joint is used 
for both tensile and compressive forces, but as it is only made in 
wrought iron or steel it may be regarded as subject to tension 
only. Then by taking the lettering of the figure, the joint may 
fail as follows : — 

L By breaking through the section of the rod dr. 

Resistance to tension = d^ x~ x ft. 

XL By shearing the pin across the two sections marked by dark lines. 

Resistance to shearing stress = 2 [ c^j x ~r x /«]. 

ni. By the pin shearing through the end of the single eye ; thickness if 
and length I. 

Resistance to shearing stress = 2 (/ x < x /«) (approximately). 

lY. By breaking through the two sections of the fork of the double eye ; 
thickness if, and width w. There is also a bending action tending to open 
the fork when the joint is subject to compressive stresses. 

Resistance to tension = 2 [w x t' x ft). 

If I. and II. are equated, taking /, = ^/t, then the diameter of the pin 
do =» 0-79 dr. 
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In the case of III. either I or t must be assumed in terms of dr. It 
will be pointed out later that I must slightly exceed dr, but taking them as 
equal then t = 0'5 dr. 

Evidently then the thickness tf' of each eye of the fork, and, therefore, 
the thickness tf of the fork must not be less than i dr, or the pin would shear 
through the double eye ; also for practical reasons w is not less than dr, 
and hence the resistance to tension of IV. is 2 (dr x idr ^ ft) = cfl/t, which 
is greater than the resistance of the rod. It is, therefore, unnecessary to 
consider the proportions of the fork, as they naturally follow with ample 
strength from the other proportions. 

The usual proportions adopted in practice exceed these, in 
order to allow for any bending stresses produced when the pin 
wears and no longer fits tightly in the holes. These proportions 
are as follows : — 

Diameter of pin dp = diameter of rod dr. 
Diameter of eye dt =2dr. 
Thickness of eye ^ = i (U. 
Length of single eye I = l^ dr. 

All other proportions can be obtained from these hj simply 
allowing for the parts to be machined, and taking care that the 
machining of one part does not interfere with the machining of 
any other part. It is because of this that the size w exceeds the 
diameter of the rod, and the thickness of the fork in the double 
eye t' is less than the thickness of the eye t". The thickness of 
the single eye I also exceeds the diameter of the rod d, for the 
same reason. 

The centre c for the curve of the fork should be taken as 
shown, just beyond the single eye, to ensure flat surfaces be- 
tween the eye and the fork. The centre for the outer arcs are 
often taken still further to the left of c, in order to make the 
fork thicker where it joins the rod to better resist bending. 

The parts of the joint marked w, and shown of square section, 
may be finished octagonal at the ends near the rods, and in 
length may equal 2 d^* 

(60) Pin for Knuckle Joint. — There is no stress on the pin- 
head, which may have a diameter of 1| cL and a thickness of ^ dp, 
to a minimum of ^^ A taper keep pin should be fitted as shown. 

J^,B. — Attention may be paid here to the best radius for the 
curved part of the double eye where the rod and fork join. Such 
a construction is exceedingly common, and the radii adopted are 
arranged to give a good sense of proportion and finish. As a 
genera] rule, it is convenient to draw both curves with the same 
radius ; this, of course, being modified if the part then looks 
heavy or light. 

A joint identical in construction to the double eye of the 
knuckle joint is extensively used for the crosshead end ot con- 
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Fig. 126. 



necting-rods^ and for the end of eccentric-rods where they are 
attached to the valve-link motion, and will be referred in the 
sections on engine design. A rough forged joint of the same 
form is also commonly applied in boiler, roof, and bridge work. 

(61) Cominoii Fin Joint. — A simpler form of the knuckle 
joint is used in small engines for connecting the eccentric- and 
slide valve-rods, and is shown in Fig. 126, E R being the eccen- 
tric-rod, and V R the valve- 
rod. As such a joint is 
alternately subjected to ten- 
sile and compressive stresses, 
it is considered advisable to 
fit a small wedge or brass 
packing piece between the 
single eye and the back of 
the fork, as shown in the 
figure, as this prevents 
knocking when the pin 
wears loose. The pin is 
frequently made without a 
heai, and held in position 
by a keep pin, as shown. 

As the section of the rods to be connected by the pin joint is 
determined by other considerations than as a case of mere tension, 
the proportions of the joint must not be obtained from the rod, 
but from the actual tensile and compressive force acting upon 
the rod. For example, suppose the greatest tensile stress on 
such a joint as in Fig. 125 is known to be 3,900 lbs. Then con- 
sidering tension only, the rod diameter d^ for a working stress 
of 6,000 lbs. per sq. inch, wouM require to be I'', which may, 
therefore, be taken as the standard for the other proportions. 
The increased length of the single eye in Fig. 126 is to give suffi- 
cient wearing surface on the pin, and will be referred to again 
later. 

(62) Drawing Pin Joints. — It is enough to show two views, 
a plan and elevation. The joint should be drawn together, the 
pin being shown by dotted lines in order to avoid a section. 
The drawing should proceed in the order in which the different 
proportions have been shown to follow from the diameter of the 
rod. 

EXAMPLES. 

Make full-size dimensioned drawings of the following pin 
joints : — 

EX. 1.— Knuckle joint for rods of 1 J" diameter (Fig. 126). 
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EX. 2.-^oint for eccentric and valve-rod — pin, f ^ diameter ; 
eccentric-rod, 1^'' x ^ > valve-rod, If diameter ; distance be- 
tween jaws of double eye, IJ" (Fig. 126). Total tensile stress on 
rod = 3,000 lbs. 

(63) Cottered Joints. — Cottered joints are used to rigidly 
connect rods which transmit motion and do work in the direc- 
tion of their length, without rotation, as in the pump -rods of 
mine shafts or wells, or as commonly seen in steam engines, to 
connect the piston-rod and crQSshead, or different lengths of the 
slide valve-rods. 

When used to connect two rods, one of the rods is made with 
a socket end, B, into which the other end, A, fits (Fig. 127), or 
a separate sleeve fits over 
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the end of each rod. The 
cotter is a thin taper bar 
driven tightly through the 
box and rod, as shown. 

Cotters taper in width, 
not in thickness, the usual 
total taper being 1 in 24, 
or J" per foot. They thus 
act as wedges, and draw 
the parts closely together 
until the collar on rod A 
jambs tightly against the 
socket B. The bearing 
edges should be made semi- 
circular, as seen in the plan, as this gives a better surface than 
square edges, and allows the cotter holes to be drilled. 

(64) Clearance of Cottera — Notice that in order to draw 

the two rods A and B together, the cotter must only bear against 

the rod A on the right-hand edge, and the rod B on the left-hand 

edge ; hence there must be clearance between the left hand of 

rod A and the cotter, and also between the right hand of rod B 

and the cotter. In this form of joint, where the cotter is driven 

right home at the time of fitting, this clearance need not exceed 
I*' 

(65) Strength and Proportions of Cottered Joint — ^It is 
evident that when the rods are subject to tensile or compressive 
stresses, there is a shearing action on the two sections of the cotter 
at a and b. The cotter area which resists this at each section 
is w t sq. ins., where w = width of cotter and t = thickness. 
One of these two sizes must be agreed upon to commence with, 
BO that we have the general rule. 
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Thickness of cotter = | <2r where dr is the diameter of the rod through 
which the cotter passes. 

Cotters are best made of mild steel, and the following calcula- 
tions apply to the usual combination of wrought-iron rods and 
a steel cotter. For other metals it is only necessary to change 
the value of the shearing strength of the cotter and the tensile 
strength of the rods, according to the metals employed. 

Let d = diameter of rods. 

dr = diameter of rod through which cotter passes. 
de = diameter of collar on rod A. 
dt = outside diameter of socket B, into which dr fits. 
tp = thickness of collar on rod A. 
t =3 thickness of cotter. 
w = width of cotter. 

I = length of rod or socket beyond the cotter. 
ft for steel cotter = ft for wrought-iron rods. 

Assuming the joint to be in tension, it may yield in one of the following 
ways : — 

I. By pulling apart the rods A or B. 

Resistance to tension = cP x j x /t. 

II. Bv pulling apart the rod dr through the cotter way. 

Resistance to tension = {(^^^ij-t^r^f/f 

in. By shearing through the cotter at the sections a and 6. 
Resistance to shearing stress = 2{wx t)/, 

IV. By pulling apart the socket through the cotter holes. 

Resistance to tension = J Tidl-tf) ~ {dt -dr) t \ft^ 

V. By compressing the rod dr or the socket where the cotter bears. 

Resistance to compression of rod = {dr x t) fe 
Resistance to compression of socket ^ t{dg- dr)/e 

VI. By compressing the collar de where it bears against the socket* 

Resistance to compression = — /^J _ ^J\y 

VII. By shearing the collar do off the rod A. 

Resistance to shearing stress = {dr ^ m- x te) ft 

VIIL By shearing through the rod or socket beyond the cotter. 
Resistance to shearing of rod = 2{lxdr)ft 

Resistance to shearing of socket = 2 •[/((£, - c2«) y« | 

In VII. and VIIL the value of /« should be taken as equal to {/«, because- 
the shearing is parallel with the fibres, and offers less resistance' than to- 
irausverse shear. 
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By equatiDg each of these resistances, II. to VIII., to the tensile resist- 
ance of the rod, as in I., and substituting the equivalent value of y« in 
terms of /«, and, also, where necessary for t in terms of d or dr, and for d in 
terms of c^, the following proportions will result :— 



1-2 d, 

l-7d. 
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In practice the following proportions are generally adopted 
for steel cotter and wrought-iron rods, where d = diameter of 
rod, the sizes being dimensioned to nearest ^" greater. 

Cotter— width = VSd; thickness = 0*3 d. 
Collar on rod— diameter = 1*5 d thickness £= ^ d. 
Diameter of rod through which cotter passes = 1 *2 d. 
Outside diameter of socket = 2*4 d in front of cotter. 
Cotter not to be nearer end of rod or socket than 1^ d. 

In order to avoid a socket thicker than necessary for its 
resistance to tension, and yet thick enough at the cotter hole to 
stand the bearing stress, the socket may be made of a diameter 
eqnal to 1*7 d, and have a top and bottom lug, as in Fig. 128, to 





Fig. 128. 

make up the necessary thickness. This is a very good arrange- 
ment, but is expensive to adopt except for cast-iron sockets. An 
equally good method is to reduce the socket diameter to 1'7 d 
behind the bearing edge of the cotter, as shown in Fig. 128. 

(66) Forms of Cottered Joints. — A common application of 
cottered joints in steam engines is to rigidly connect the piston- 
rod and crosshead. Such a joint is shown in Fig. 128. The end 
of the piston-rod P R is tapered, thus dispensing with a collar. 
Total taper of rod, 1 in 12 to 1 in 20. When the crosshead 
is of cast iron, as is frequently the case, the proportions of the 
socket part through which the rod passes must be arranged 

13 
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accordingly, and it is better to take a definite value for the total 
tensile stress on the rod, and foryj,y^> and^, because a piston-rod 
is abnormally strong when calculated only for the tensile and 
compressive stresses upon it, in consequence of the rod having to 
resist buckling. It is because of this that the rod may be 
decreased in diameter at the tapered part, and it will be in 
accordance with practice to take the tensile strength of the 
tapered part through the cotter way as the resistance of the 
joint and make all other resistances equal to it. 

Another form of this joint is shown in Fig. 129, where the rod 




Fig. 129. 

is screwed and a nut (thickness = J e£) is used which jambs up 
against the socket after the cotter is driven home, thus taking 
up any possible slack and helping to release the rod and socket 
when disconnecting. 

Split-pins should be put through the bottom end of the cotters 
as shown in the figure to prevent them working loose. 

The length of the cotter need not exceed the outside diameter 
of the socket by more than about 1". 

(67) Gib and Cotter. — When a cotter is used for the purpose 
of connecting a thin strap and a comparatively thicker rod, as in 
the caae of some engine connecting-rods (see Fig. 191), the 
cotter IS made about half the usual width and is used with a 
second hooked cotter called a " gib," the top and bottom pro- 
jections of which hook over the strap and thus prevent it opening. 
This arrangement is shown in Fig. 130, where R is the rod, S 
the strap, C the cotter, and G the gib. 

The gib and cotter are parallel along their outside edges and 
taper on their inside edges. In such cases a small set screw S' 
(f " *o t")> ^^ fitted, screwing through the rod and jamming against 
the cotter, and prevents it loosening, or if this is not possible 
the gib is extended by a screwed rod fastening the key with top 
and bottom nuts ; diameter of screw equal width of key, length 
of screw to allow of top nut being screwed fully on when key is 
just home. Both these are shown in the figure although only 
one method is required. 
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Width of cib and cotter = 1 *3 d as before, each being half this width 
at the centreline. 

Thickness of Cotter = ^ dr, where dr equals width of strap. 

Taper may equal 1 in 12 when screw fastening is used. 

Height of head and gib and overlap = H t. 

Clearance not less than difference in width of ootter at widest part, 
and at part where it enters the strap. 

Cotter holes in strap not nearer to edge than 0*7 w, where w = width 
of gib and cotter. 

The taper of rods and cotters are usually dimensioned to the nearest -f^". 

Cotters are often used as fastenings in such cases as foundation 
and holding-down bolts for machines and engines, where it is not 
possible or convenient to use an ordinary bolt or stud. An 
example is shown in Fig. 131, where the bolt is dropped down 
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Fig. 130. 



Pig. 131. 



from above the cotter driven in from the side, and the whole 
tightened by screwing down the nut. F is the flange to be 
bolted down, S the stone bed, B the bolt, the cotter, and W a 
washer. 

(68) Drawing Cottered Joints. — In drawing a cottered joint 
it is best to show an elevation and plan, the latter being partly 
in section or clearly shown by dotted lines. It is convenient to 
draw the cotter by showing the mean width on the centre line, 
and then tapering it above and below. 
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EXAMPLES. 

EX. 3. — Draw a cottered joint full size and showing two views, 
as in Fig. 127, for connecting-rods of 2" diameter. 

EX. 4. — Draw a cottered joint full size, and showing two 
views for a holding-down bolt for foundations, as in Fig. 131. 
Diameter of bolt 1 J", end of bolt for cotter enlarged and made 
square, so that effective area is not diminished by cotter way. 

KEYS AND COUPLINGS. 

Keys are parallel or wedge-shaped pieces used to fix wheels 
and pulleys to shafting, or to fix couplings on shafts when two 
or more require to be connected together. 

The parts connected by keys invariably transmit motion 
by rotation, and keys are, therefore, subject to shearing and 
crushing stresses. 

(69) Feather Key. — When the wheel or pulley requires to 

turn with the shaft, and 
pi ^^ also to move along the 

[B ^ yJ'Zriv shaft, the key is simply 

a parallel strip called a 
^^^ " feather," sunk for half its 

LJ L I other half fitting in a slot 

or key way cut in the 
^^^- ^^^- wheel boss, see Fig. 132, 

where S is shaft, B boss of wheel, and F the feather. 

(70) Ordinary Keys. — ^When the wheel or coupling requires 

to be rigidly fixed to the 
shaft, as is generally the 
case, the key is usually 
slightly tapered in the 
direction of its thickness 

WN]^NS)B f~j" 1 only, and is driven tightly 

Lj ^j^^^y^^y^ ^^^^ place, half being sunk 

(«) ^y^.y^^^ in the shaft and half in 

the wheel boss or coupling 
(Fig. 133, a). The thicker 
end of the key terminates 
^fr ^^' in a head, which enables 

the key to be drawn out of position for disconnecting (Fig. 133, 6). 

(71) Strength and Proportion of Keys. — When length of 
key = ^, width = «;, thickness = <; then the resistance of the 
key to shearing = ^ x m? x ^ and the resistance to compression 
^l Y. \% y> f^ approximately. Evidently, then, the strength 
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of a key varies directly with its length, and ought to be pro- 
portioned according to the work which the wheel or coupling in 
which they are fitted is called upon to do. 

This result appears to be overlooked in practice, except indi- 
rectly in the fact that keys are made equal in length to the 
wheel boss, or coupling into which they fit, and that the length 
of the boss or coupling bears some relation to the work done, 
and, therefore, to the shaft diameter. 

The following proportions are adopted in practice where 
dg = diameter of shaft : — 

Taper of keys = 1 in 64 to 1 in 100, or Y P^i^ ^oot. 
Width of key w = idtto\d$ + ^s (minimum of i"), 
ThickneBS of key when sunk t = \w (minimum of ■^"), 

Length of head = f U'; height above key = \t. 

Practical Bvle. — The length of wheel bosses, or couplings, keyed on 
shafts should not be less than 1^ d, for steel keys and If d, for iron keys, 
with an ordinary single key (two or more keys may be fitted when 
sufficient strength cannot be obtained with one). 

That such a length of key gives ample strength is seen from 
the following calculation, which makes the resistance of the key 
equal to the resistance of the solid shaft, and, therefore, supposes 
the whole of the forces in the shaft to be transmitted by the 
key. This is only the case in shaft couplings and main driving 
wheels, as in ordinary workshop shafting only a small part of 
the work done by the shaft is taken off at each pulley : — 

Let I = length of key, w = i dt, t = ^ d,. 

Then (I) Resistance of key to shearing = Resistance of shaft to torsion. 

•J 

_' is the radius of the shaft, and is, therefore, the distance from the shaft 
2 
ceiitre at which the key offers a resistance) 

expressing w in terms of d„ . '. i = 1 '57 d, x /, 

If/ = 9,000 lbs. and/, = 8,000 lbs. for wrought iron, and 10,600 lbs. for 
steel, then 

^ = 1 '76 di for wrought-iron keys. 
1= 1 *33 d, for steel keys. 

* The resistance of a shaft to torsion is given by ^ cff /, or 0*196 c^/» 

where d^ = diameter, and/= stress per square inch in outside fibres. The 

expression r^ e^ is known as the modulus of the section for torsion. The 

value of/ is usually taken at 5,000 lbs. for wrought iron and 6,000 lbs, 
iOT steel, in order that the twist of the shaft may not be excessive. 
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(II) Resistance of key to compression = Resistance of shaft to torsion, 
expressing I and t in terms of c^^ ( ^ x j = distance of centre of key from 



centre of shaft). 



/c = 1-68/. 



When /= 9,000 lbs., then /« = 15,120 lbs. sqnare inch, which is well 
within the compressive strength. 

(72) Box Couplings. — The most common method of con- 
necting lengths of shafting for general driving purposes is by 
means of " box or muff couplings/' shown in Fig. 134. 




Fig. 134. 

The coupling is a simple sleeve, generally of cast iron, fitting 
for half its length over each of the shafts, the ends of which 
should not butt closely against one another in order to allow for 
expansion. Either a key is driven in for the whole length, or 
one equal to half the length of the coupling may be driven in 
from each end. 

Unless the shaft possesses a good margin of strength it is not 
good practice to sink a key into the shaft without first increasing 
its diameter. When this is done as in Fig. 134 it is also much 
easier to fit the key, for it will be seen that without it it is 
necessary to cut a long key way (see Fig. 133, a) in order to drive 
the key home. The diameter need only be increased to allow 
for half the thickness of the key — that is, when d^ = diameter, 

and ^ = thickness, then d = IJ dg. The disadvantage of en- 
larging the shaft ends is that ordinary pulleys cannot be slipped 
over the ends. 

The usual proportions adopted in practice are as follows : — 

Length of coupling = 3 to 3)^ times diameter of shaft. 
Outside diameter of coupling = If to 2 times diameter of shaft. 
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The length is arranged to give sufficient length of key, and 
the diameter to ensure that the box will not split for its whole 
length through the key way due to the tensile stress produced 
by driving home the key and by the work dona The proportions 
give ample strength. 

(73) Friction Coupling. — Fig. 135 shows the arrangement of 
Butler's patent coupling, which dispenses with keys, and depends 
for its holding power upon the frictional grip of the cone bushes 
0. These bushes are split along one side to leave a space, 
marked S, when driven home, and have a usual total taper of 1 
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Fig. 135. 

in 17. The coupling is rapidly connected by hammering home 
the bushes, and as quickly disconnected by simply passing a key- 
drift through the space, marked S, left by one sleeve, and driving 
against the end of the other sleeve ; H H are holes through the 
coupling. When the bushes are properly driven into place, the 
holding power of the coupling is very great. 

(74) Flange Couplings. — Flanged couplings are either made 
of cast iron and keyed to the shaft, or forged with the shaft as 
one piece. The former is most common for ordinary driving 
purposes, and the latter for large size crank and propeller shafts 
of marine engines. 

The connection of cast-iron flanged couplings is shown in Fig. 
136. The bolt heads and nuts are recessed into the flanges to 
avoid projections which would be likely to catch the clothes of 
the workmen when oiling or putting on belts, and the keys are 
driven in from the shaft end, and finished off flush, without 
heads. When the coupling is flxed, quite out of ordinary reach, 
the bolt heads and nuts need not be recessed, but may stand 
out beyond the flanges, as in Fig. 137. The faces of the flanges 
are frequently partly recessed in casting from f-*' to J", as shown, 
to lessen the amount of turning required. The collars or bosses 
on the flanges are necessary to give sufficient length of key. 
Bolts to be " fitting." 
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Fig. 136. 

The fbUowing are proportioDS adopted in practice ; — 

give gnfficient length for the 



Length oi flange and bow = li d, (thii i 
ke^). 

Diiunetor of boas = 2 d« 

Total thiokueat of flange when recessed 



0-4 d, -K -f," thicknssB of m 



' be miuk = 
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ThickaeBt of flangoa when not recessed ~ O'iU 

BUmeter and namber oF bolta (see below). 

Diameter of recess for boit heads and uats must 
box spanner being inserted over the Dabs, and may 
2d,+ r- 

These couplings are often fitted with the end of one shaft projecting into 
the coapling of the other shaft, a distance of t* to }*, to assist in setting 
the shafts in line. 

The student should have ao difficulty iit deciding the radina 
of bolt circle and diameter of flange after what has been said ia 
S41. 

—Fig. 137 shows the solid coupling of 
mpressed steel hollow propeller shafting. One 




flange is made with a projecting collar, and the other with a 
corresponding recess into which the collar fits, but not for the 
whole depth. This helps to bring the shafting into line, and 
also makes it easier to fit in the bolts. The screw of the bolt 
is smaller than the plain part, otherwise it would probably be 
injured in driving the bolts borne, as they are made a tight fit. 
The strength of the bolt to resist shearing is evidently to be 
calculated on the larger section, as they willonly yield between 
the couplings. N^otice that both the head and nut are thinner 
than the usual standard, since they resist no tensile stress except 
that due to screwing up, also that the couplings are fiiced up, 
and part of the fillet removed to give a fiat surface for the holt 
head and nut. 

(76) Size of Bolts for Couplings. — ^The diameter and num- 
ber of bolts are found as follows ; — 
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dh = diameter of bolts, n = number of bolts. 

dt = diameter of shaft, R = radius of bolt circle. 

Resistance to shearing of bolts x B = resistance to torsion of shafi 

^dj X J X fiV, X R =- 0196 d»./ 

taking / » 9,000 lbs., and /« » 8,000 lbs. for wrought iron. 

V'd^ 

Evidently, then, it is necessary to settle on two of these three 
unknowns--{/5, n, or R — before the third can be found. Gener- 
ally n and B are first decided, the latter, of course, only approxi* 
mately. The following will help as a guide : — 

Shafts np to 3* diameter, n = 4 ^6 = J'' or |^^. 

Shafts from 3* to 6" diameter, n = 6 db = l" to !{". 
Shafts from 16" to 19" diameter, n = 6 or 8 <£» = 4" to 44". 

As a matter of fact, the bolts in shaft couplings are usually 
fitted 6f larger diameter than given by above formula, though 
there appears to be no reason why the extra strength is needed, 
unless to allow for any possible bending stress produced by the 
shafts running out of line. 

Example, — ^Find diameter and number of bolts, and radius of bolt circle, 
for the cast-iron flange couplings of a 3" shaft, boss 5|". Shaft and bolts of 
wrought iron. 

As couplings are of cast iron, the bolts will be further from centre than 
in solid couplings. Say n = 6, and assuming db = f , then 

R=s^ + f+4 = 4^ approximately; 




= 53V6li}=®"'^ 



hence f bolts would be ample, but, as actually fitted, there were 6 - 1' 
bolts, radius of bolt circle 4| . 

Students should notice that the effective resistance of coupling 
bolts increases with their distance from the centre, hence there 
need be no fear in increasing the bolt circle radius should that 
be desirable. 

(77) Drawing Shaft Couplings. — In drawings of couplings 
it is usual to show a front and end elevation, the former being 
half in section, as in Figs. 134 to 137. The key should be 
drawn with its mean thickness at the centre of its length. The 
following is the order of drawing a flanged coupling : — 
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1. Draw in centre lines and shaft in both views. 

2. Show boss of coupling and key. 

3. Draw lines showing flanges in front elevation. 

4. Decide size of bolts and radius of bolt circle. 

5. Draw in bolts in both views. 

6. Decide diameter of flanges and finish. 

EXAMPLES. 

Make working drawings of the following shaft couplings : — 

EX. 5. — Box coupling (Eig. 134) for shafts of 3^^ diameter, ends 
of shafts to be enlarged in diameter for key ways. Scale — full 
size. 

EX. 6. — Butler's friction coupling (Fig. 135) for 3^^ diameter 
shafts — cone sleeves, 6" long ; largest diameter, ^" ; sleeve not 
to meet by f"; coupling, 12" long, Gf outside diameter. Scale — 
full size. 

EX. 7. — Cast-iron flange couplings (Fig. 136) for shafts of 3* 
diameter, ends of shaft not to be enlarged. Six bolts, f^" dia- 
meter. Scale — 6" =1'. 

EX. 8.— Solid flange coupling for hollow shafts (Fig. 137)— 
outside diameter, 16J"; inside diameter, 6", increasing to ir at 
flanges ; thickness of flanges, 4^" ; six bolts 4^" diameter, 4^ dia- 
meter at screwed part ; nuts 2f " thick. Scale — 3" = 1' 



SECTION XXIL 

RIVETED JOINTS. 

('78) Forms of Bivets. — Rivets are the simplest permanent 
fastenings, and are extensively used for the connection of plates 
and bars in all forms of engineering and metal work construc- 
tion. They are made from round bar, either of steel, iron, 
copper, or brass, according to the work on which they are used. 
Before riveting they have the form of either (a) or (h) in 
Fig. 138, the former being known as "paw Iieads" and the latter 
as " snap heddsy' and they are made to connect together two or 
more plates by first heating them, when made of iron or steel, to 
a good red heat, passing them through holes in the plates, and 
knocking down the heated ends which project beyond the plates 
to form a second head. Fig. 139 (a) shows a rivet in position 
connecting two plates before riveting, and Fig. 139 (b) after 
riveting with a snap head. 
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Rivet holes in plates and bars are either punched or drilled, 
and the riveting is done either by hand or machine, the head of 



(a> 




(&) 




Fig. 138. 



Fig. 139. 



the rivet being held against a block of iron called a ^^ dolly** 
while the end is being knocked down. 

(79) Forms of Finished Bivets. — The usual forms of rivets 
after riveting is shown in Fig. 140, a, 6, c. The ordinary pro- 
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I 




Fig. 140. 

portions for the heads are marked on in terms of the diameter d; 
these differ slightly with different makers, but need not be con- 
sidered by the student as unchangeable, as each maker has his 
own standard of sizes, and it is not usual to show the rivets on 
drawings of riveted work, it being quite sufficient to represent 
them by their centre lines, and by circles showing the rivet holes. 
Anythmg further than this would be a waste of time. 

Fig. 140. — (a) Hand-riveting; rivet made with pan head, 
finished with conical head. Snap heads are also made by hand, 
using flogging hammers on a " snap tool." 

(6) Hand-riveting ; pan head rivet, finished with countersunk 
head. These are used when the surface requires to be left flush, 
but they are weaker than ordinary rivets. 

(c) Machine-riveting. Snap head rivet, finished with snap 
head. 

EXAMPLE. 

EX. 1. — Make a full-sized drawing in sectional elevation and 
plan showing the three forms of riveting as in Fig. 140 \ plates, 
\ thick ; rivets, 1^ diam. 
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In nearly all riveted work the rivets are arranged so that the 
forces acting upon them shall produce shearing stresses, and not 
tensile, as in the latter case the rivets are untrustworthy, the 
heads being liable to fly off. The following represent the 
ordinary arrangement of different connections of plates when 
riveted together, the arrows showing the direction of the forces 
acting upon them : — 

(80) Single and Double Riveted Lap Joints (Fig. 141, 
Oi b). — In these joints the plates are simply lapped one over the 



fa) 





Pig. 141. 



other, and riveted by either a single row of rivets (a) or a double 
row (b). These are the most common among riveted joints. 
The arrangement of rivets in Fig. 141, 6, is termed "chain" or 
zig-zag" riveting. 



<( 



Caj 








Fig. 142. 
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(81) Single and Double Riveted Butt Joints (Fig. U2 
a, b). — ^The plates in these joints are butted together, and a 
narrow strip of plate, marked O.P., called a " butt strip " or 
"cover plate," is placed over and riveted to both plates with 
either a single row of rivets (a) or a double row (6). 

Butt joints are also made with double cover plates, one on 
each side, single or double riveted. 

(82) Combined Lap and Cover Plate Joint (Fig. 143).— This 
joint was first introduced in America, and is occasionally used 
in this coxintry for locomotive work. There are three rows of 
rivets, the centre row having twice as many rivets as the outside 




Fig. 143. 

rows. The form of the cover plate makes the joint a rather 
expensive one. 

(83) Proportions of Biveted Joints. — In any form of riveted 
joint having the plates subject to tensile and the rivets to 
shearing stresses, it would be a comparatively easy matter to 
design the joint for uniform strength, if the relation of the 
shearing resistance of the rivets to the tensile resistance of the 
plates could be exactly known, and if the strength of the plates 
per square inch through the line of rivet holes could be taken as 
equal to the strength of the solid plate, and also, if the total 
shearing stresses on the rivets could be assumed as equal to, and 
produced by, the tensile stresses in the solid plate alone. 

But experiment and experience has shown that these assump- 
tions must not be made, and hence the correct proportioning of 
a riveted joint is not so easy a matter. To begin with the ratio 
of the "rivet's shearing strength" to the "plate's tensile strength" 
is different when the joint is made of steel plates with iron 
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rivets than when it is made of steel plates with steel rivets, 
•and obviously the proportions would also be different. Then 
again it is found that the tensile strength of the plates per square 
inch through the rivet holes is either less or greater than the 
strength of the solid plate, 
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' ?mm\ 



Fig. 144. 



according to whether the plates 
are of iron or steel, and have 
the rivet holes punched or 
drilled. And lastly, a riveted 
joint is always tending to bend 
at the joint, so as to bring the two plates in the same plane, as 
shown in Fig. 144, and this bending action increases the stress in 
the joint beyond that due to the tensile forces in the solid plate. 
(84) Strength of Plates for Biveted Joints. — As a result of 
numerous experiments, the most reliable of which were conducted 
by "The Institution of Mechanical Engineers Research Com- 
mittee on Biveted Joints," a series of average values of the tensile 
and shearing resistances at the joint can be framed, which allow 
for these various effects, and make it possible to design a riveted 
joint with considerable confidence for all the different combin- 
ations of plates and rivets. The following table of these avercbge 
values agree very nearly with those given by Professor Unwin 
in his Machine Design, and it must be understood that the figures 
in column I. are the actual tensile and shearing resistances of the 
solid plate and rivet bar, while columns II. and III. are the nominal 
resistances at the joint, which differ from the original resistances 
owing to their allowing for the actions of bending, <bc., just 
specified. It is, therefore, the figures in columns II. and III. 
which must be worked to in considering the strength at the 
joint : — 





I. 


IL 


III. 




Beal 


Single Biveted 
Nomtaal Strength 


Double Biveted 




Strength. 


Nominal Strengtib 




Tons per 


at Joint. Tone 


at Joint. Tom 




sq. inoa. 


per sq. inch. 


per sq. inch. 


Iron plates, Drilled, . \ 


20*6 


/ 18 
1 16 


19-5 


,, Punched, . 


*d\/ fj 


17-6 


Steel plates, Drilled, . \ 


27-6 


/ 27-6 
\ 25 


29-6 


,, Punched, . 


27-6 


Eivet Iron, Tensile, . 


27-5 


• • • 


• • • 


„ Shearing, . 


220 


19-0 Drilled 
20-6 Punched 


1 Same as for 


Bivet Steel, Tensile, . 


310 


• • • 


> simpleriveted 


„ Shearing, . 


23-6 


f 22-0 Drilled 
\ 23-6 Punched 


I joints. 
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(85) Pitch of Biveted Joints. — ^The distance between the 
centres of adjacent rivets is called the Ditch. In the figures of 
the riveted joints it is marked p. 

Let t = thickness of plate. 
d = diameter of rivets. 
p = pitch of rivets. 

I = overlap of plate = distance between centre 
of rivet hole and edge of plate. 

(86) Belation between Diameter of Bivet and Thickness 
of Plate. — There is a limit to the size of hole which can be 
punched in a given thickness of plate, without crushing the 
punch, and hence when rivet holes are punched it is necessary 
to keep within this limit, by arranging the diameter accordingly. 
But no such limit is found in drilling rivet holes, and the 
diameter can then be settled by considerations of uniform strength 
as shown later, the chief point being that, the bearing pressure 
of the rivet against the plate shall not exceed about 40 tons per 
square inch. Considerable difference of opinion exists as to the 
importance of this bearing pressure, and it is generally conceded 
that with ordinary joints designed for equal strength, the bearing 
pressure is sufficiently allowed for The rule which agrees most 
nearly with practice is the foUowing :— 

Diameter of rivet, d==l-25 Jt where t « thickness of plate. 

(87) Strength of Biveted Joint. — It is sufficient to consider 

the strength of a narrow strip 
of the joint connected by one 
rivet, and for convenience we 
will take a strip of width 
equal to the pitch p (Fig. 
145). 

The joint may fail in one 
of three ways — 

I. By tearing the plate 
through the weakest section 
between the rivet holes as 
at a. 

Resistance of plate = t{p-d)ft. 

II. By shearing through 
the rivet as shown at h. 

Resistance of rivet = I d* x -j j^. 

Fig. 146. Ill' By breaking across 

firom the rivet hole to the outer 
edge of the plate, as at c. The piece of plate in front of rivet may be 
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regarded as a beam, of depth ^ - -»- and breadth t^ supported at 

both ends, the span being dy and loaded uniformly with a total 
load equal to T, the tensile stress in the strip of plate of 
width (p - d). Then bending moment = J Td, and the modulus 

of the section at c ■■ -5— = — ^^ — jtj — - , and therefore the BM 

J4 

= iS2L^f, when/= maxuBum tensile or compresrive stress 

in the outer fibres, therefore -5- = — ^ — s-i — —/' From these two 

o 24 

expressions we have — 

Kesistance to breaking at c, when equal to T = ^ -^ — - — - ft. 

It would also seem that the joint might fail by compression of the 
rivet and plate at their common bearing surface at e in Fig. 145, 

(Resistance to compression = d. t, /e), 
or by shearing away the plate in front of the rivet, as at^; 
(Resistance to shearing stress = 2 {I x t x/«), 

but if the joint is made strong enough to resist the action of II. 
and III., it is more than strong enough to resist both these 
actions, and hence they need not be considered. 

For uniform strength the resistances of I., II., and III. must 
be equal, therefore — 

L and n. To find p in terms of d. 

t {p-d)A = 0-78d»x/4 

Substituting .^.^ for t since (2 = 1 *25 s/ 1. 

p = d + 1-2^ 
Jt 

Taking the values of f^ and f^ given in the table on p. 207, 
the following values of p are obtamed : — 

Iron plates, \ Punched holes p = d + I'S" 
Iron rivets, J Drilled holes p = d + 1'4* 

Steel plates, \ Punched holes p = d + I'l.^ 
Steel rivets, j Drilled holes p = d + I'O^ 

IL and III. To find overlap I in terms of d. 

i mj^f, = 0-78 d. •/. 

Substituting , ,^ for t as before. 
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The largest yalues for y- is 1-3 for iron plates and iron rivets, 

d 



ptmched holes, and substituting this : — I - 1*1 ^^ c? + -5-. This 
givea the following rule : — 

Praotical Rule for Overlap— 

I B 17 d for rivets up to Y diameter. 
I = I'bd for rivets over l" „ 

(88) Fitch of Single Biveted Joints. 



Thicknen 
of Plate. 


Diameter of 

Sivet. 

d. 


Iron Plates and Iron Bireta. 


steel Plates and Steel Rirefts. 


Punched Holes. 


Drilled Holes. 


Punched Holes. 


Drilled Holes. 


}i 


V25 JT 


d+l'S" 
2f' 

2A' 
21" 


d + V4r 

2^ 

2r 


d + M3" 
2* 
2A" 
2^ 


ir 

2^" 
2}" 



(89) Double-riveted Joints. — In a double-riveted joint the 
plate may tear diagonally between the holes, as well as between 
the holes parallel to the outer edge of the plate, and, therefore, 
the diagonal distance must be proportioned for equal strength. 
Experiment has shown that the strength of a plate torn diagon- 
ally is only about threorfourths the strength when torn parallel, 
so that the distance between the two rows of rivets is made 
sufficient to allow for this reduction. 

The rule adopted in practice is as follows : — 

Distance between rows of rivets in double-riveted Joints eqnals 
twice diameter of rivets (marked d' in Fig. 1426). 

(90) Pitch of Double-riveted Joints. 



Thickness 
of Plate. 

t. 


Diameter of 
Bivek 

d. 


Iron Plates and Iron BiTBts. 


Steel Plates and Steel Rivets. 


Punched 
Holes. 


DriUedHoleB. 


Punched 
Holes. 


Drilled Holes. 


1 

1 


1^" 

ir 


4r 


3i' 


3*" 
Si- 
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(91) Thickness of Butt Straps.— 

Thickness of single strap ^ 1( t. 
Thickness of each double strap -it, 

(92) Iiozenge Joint. — Fig. 146 shows the riveted connection 
of two plates of a girder for roof or bridge work, and known as a 
lozenge joint. The plates are either butted together and riveted, 
as in the figure, to a single or double butt strap ; or the plates 
are simply lapped one over the other. By arranging the rivet« 





Fig. 146. 

in lozenge order the joint can be made of nearly uniform strength 
throughout, as, for example, before the joint can fail across the 
line a b, three rivets must be sheared, and the plate must tear 
through a section, t(w - Sd) ; 

Resistance = S(cP x ^) /, + t{w - Zd)fu 

And similarly, before it can fail across the line cd^ six rivets 
must be sheared, and the plate must tear through a section, 
t{w - 4e?) ; 

Resistance = G^cP x t)/* + ^{^ - 4rf)/<. 

Hence, as the section of the plate decreases, the number of rivets 
to be sheared increases. 

EXAMPLES. 

Make drawings of the following riveted joints to a scale of 
6" = 1'. Show two views, a sectional elevation, and a plan : — 

EX. 2. — Single and double-riveted lap joints — J" plates — iron 
plates and rivets, with drilled holes (Fig. 141). 

EX. 3. — Single-riveted butt joint with two cover plates — 
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plates r' thick — steel plates and rivets, drilled holes (see 
Fig. 142a). 

EX. 4. — Combined lap and cover-plate joint (Fig. 143) — plates 
I" thick — steel plates and rivets, drilled holes. 

(Centre row of rivets ordinary pitch, outer rows as close in as possible for 
convenient riveting.) 

EX. 5. — ^Lozenge joint (Fig. 146) — plates 1" thick — lapped 
<me over the other without cover plate. Width of plate 15^ 

(Shearing strength of rivets to eqnal tensile strength of plate at weakest 
section — «.e., through first or second row of rivet holes.) 

(93) EfQ.oienoy of Biveted Joints. — It is evident that a 
riveted joint cannot possibly be as strong to resist tensile forces as 
the plate of which it is made, simply because the section through 
the rivet holes is always less than the section of the solid plate. 
The ratio between the strength of the joint and of the plate is 
termed the efficiency of the joint. If the tensile resistance per 
square inch was the same through the holes as through the solid 

plate, the efficiency would evidently be -~ ^ = , but 

as this is not the case, for reasons already seen, the efficiency is 

expressed by K . where K = ratio of the resistance per 

square inch through the holes, to the resistance per square inch 
through the solid plate, and varies with different joints. The 

"theoretical efficiency" varies from 75 per cent, to 100 

per cent., and the " actual efficiency " K . , from 41 per 

cent, to 72 per cent. 

The student will see the importance of knowing the efficiency 
of the joint in designing riveted structures, as the strength of 
the structure cannot evidently be greater than the strength of 
its weakest joint. Hence, in designing a boiler of plates having 
a tensile resistance per square inch equal to T, the working stress 
must be proportioned to E T where E = efficiency of joint, since 
this is the actual strength of the plate. 

(94) Working Stress. — In oniinary boiler and bridge work 
the working stress may be one-fourth to one-fifkh of the breaking 
stress (TJnwin). A high factor of safety is necessary to allow 
for loss due to corrosion 
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(95) Conneotion of more 
sary in boiler work to 
rivet joints where three 
or four plates join, as B 
in the case where the 
longitudinal and circum- 
ferential joints meet. An 
example of the connection 
of four plates is shown in 
Fig. 147, the plates being 
marked A, B, C, D. The 
plates B and D have their 
comers thinned out as 
shown, so as to lap one 
over the other, and not 
exceed the thickness of 
one plate, each thin 
corner being lengthened 
to be held by two rivets. 



than two Elates. — It is neces- 
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Fig. 147. 



Thus the three rivets, 1, 2, 3, pass through three plates. 

(96) Boiled Bars. — In Fig. 148, a, 6, c, d, are shown sections 
of bars commonly used for different connections of plates. They 
are rolled in long lengths of various standard sizes, in either iron 
or steel. The width of 
the flanges increase by ^" 
for angle bars (a), and 
by V for other bars. 
Thickness of flanges in- 
crease by ^^ for angle 
and tee bars of small size, 
for larger sizes and for 
other bars, by J". The 
thickness at the root is 
slightly greater than at 
the edges. No sections 
should be shown on a 
drawing which cannot be 
found in the makers' lists. 
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Fig. 148. 



(a) Angle Bwrs, — Made with flanges of equal or unequal width, 
izes, from f" x f x ^'^ to G'' x G'' x \\ Weight, from 0-89 lb. 



Sizes 

to 28*7 lbs. per foot of length. 

(6) Tee .Bar^.—Made with the flange F and web W of equal 
or unequal width. Sizes, from 3" x 3" x ^" to V x 10" x f 
(the first size is width of flange). Weight, from 7-2 lbs. to 45 
lbs. per foot of length. 
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(c) Zed Bars. — Made with equal or unequal flanges, and of 
various depths. Sizes, from 3° x 3" x 2i' x |" to 10' x 3 J' x 3 J" x f ' 
(the first size is the depth d'). Weight, from 10 lbs. to 4i lbs. 
per foot of length. 

(d) Channel Bart.— Mads with flanges of equal size, and of 
diflerent depths. Sizes, from 2J' x U' x J." to 12" x i" x 4' 
(the first size is the depth d^). Weight, from i Iba. to 33 Iba. 
per foot of length. 

(97) Conneotlon of Flateg aad Bars.— The use of the above 




6. Fir. 149. d. 

bars for difierent cotmectiona of plates in boiler and tank work 
is shown in Fig. 149, a,b,e,d. 

(a) Angle bars, used to connect plates at right angles. Notice 
tiiat the rivets in one flange come between the rivets in the other 
flange, for convenience in riveting up. 

(b) Tee bars, used to connect plates in the same plane, and also 
of great service in stiffening the plates. 

(c) and {d) Zed and Channel bars, used to connect plates 
parallel to each other, and commonly employed to connect the 
Inside fire box to the shell plates of a locomotive type of boiler. 
Notice that the use of the Zed iron gives one inside joint, 
which is avoided in the Channel iron. The rivets in the 
Channel iron should be arranged as with atigle bars. 

(98) Flanging of Plates. — The simplest connection of plates 
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at right angles is shown in Fig. 150, where one of the plates is 
bent to form a flange, which is then 
riveted to the other plate. The in- 
side radius of the flanged plate should 
not be less than four times the plate 
thickness. This is the common con- 
struction in boiler work, where the 
flanged plate is the flat end plate, 
riveted to the circumferential shell 
plate. It possesses the great ad- 
vantage over the angle bar. Fig. 149, a, 
as giving only one riveted joint. 

EXAMPLES. 

Make working dimensioned drawings, half full size, showing 
two views of the following connections of plates and bars : — 

EX. 6. — Connection of four iron plates f " thick, as in Fig. 147, 
single riveted iron plates, drilled holes. 

EX. 7. — Connections of plates and bars as follows, all iron, 
with iron rivets and drilled holes :— 




Fig. 150. 



(a) Angle iron, . 3" x 3^ x \'\ plates ^*, rivets f ' diam. 

(6) Tee iron, . . 4" x 3" x V', 

(c) Zed iron, . . 4" x 3" x 3" x \\ „ 

(d) Channel iron, 4" x 3*' x \\ 



a 



a 
ff 






Fig. 149, a. 
b, 
c, 
d. 
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SECTION XXIIL 



LUBRICATED BEARINGS AND SHAFT PEDESTALS. 

The design of lubricated bearings is a subject of great import- 
ance, affecting as it does the efficient working of nearly all 
classes of machinery. It is far too large to permit of any but 
general principles being explained here, the student being referred 
for fuller information to the chapter on ** Journals " in Professor 
Unwinds Machine Design, and to the proceedings of the Institu- 
tion of Mechanical Engineers' Research Committee on "Friction." 
All rotating shafts and axles of machines require supporting 
in such a way that as little as possible of the power they transmit 
is lost. Such supports have received the general name of " bear- 
ings" common examples of which will be familiar to engineering 
students in their application to shafting in workshops, spindles 
of lathes, and to the crank shafts of engines. 
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(99) Journals. — That part of the shaft or axle supported by 
the bearing is known as the "journal." Evidently its diameter 
and length must be proportioned according to the forces acting 
upon it and to the power it transmits. Such considerations of 
strength are, however, too advanced for the limits of this book. 
But apart from the question of strength a journal must be pro- 
portioned according to the pressure it exerts upon the bearing 
which supports it, and to its other working concHtions. 

(100) Friotion of Journals. — One eflEect of the pressure 
exerted by a journal upon its bearing is to produce a frictional 
resistance to movement. Part of the work which the journal is 
transmitting must be expended in overcoming this resistance, 
which work is converted into heat, and raises the temperature 
of the rubbing surfaces. If this increase of temperature con- 
tinues, the journal will seize in the bearing, producing more 
or less serious results. The object of lubrication is to reduce 
this frictional resistance to a minimum, thereby ensuring a good 
working bearing and making the useful work performed by the 
shaft as large as possible. 

Generally speaking, the friction of rubbing surfaces may be 
regarded as follows : — Let W = the pressure between the sur- 
faces producing the friction. F = the force required to overcome 
the friction, and, therefore, a measure of the "frictional resist- 
ance" Then, in general terms, F = ^ W, where yo- is a certain 
factor known in mechanics as the "coefficient of friction" but 
which for journals is not necessarily a simple factor. Evidently 
then, with a given value of the load W, the smaller the coefficient 
of friction fi, the less is the frictional resistance F. The aim 
in lubricated bearings is to keep fi* as small as possible, and, 
therefore, to reduce the frictional resistance F to a minimum. 

The frictional resistance of lubricated bearings may be stated 
in general terms to depend upon the following conditions : — 

I. The pressure per square inch between the sliding surfaces. 
II. The velocity of the sliding surfaces (ft. per min.) 
III. The materials of which the sliding surfaces are composed. 
VI. The kind of lubricant used, and the method of lubrication. 

(101) I. Pressure between the Sliding Surfaces. — The 
effect of increasing the pressure between a journal and bearing 
is that the lubricant is squeezed out from between the sliding 
surfaces, and the journal heats and seizes. Evidently, then, the 
safe working pressure depends entirely upon the manner of 
lubrication, and hence a bearing which may seize with one 
method of lubrication will run quite smoothly with another 
method. For bath lubrication, where part of the journal runs 
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continual] y in a bath of oil, the frictional resistance has been 
found by experiment to be practically constant with different 
pressures, a result the very opposite to what occurs with unlub- 
ricated or badly lubricated surfaces. 

The limit of working pressure also depends upon the manner 
in which the pressure acts upon the bearings ; in ordinary work- 
shop shafting the pressure is practically always upon the same 
part of the bearing, and the motion is in one direction only ; 
on engine crank pins the direction of the pressure is constantly 
changing, and acts alternately on the front and back halves of 
the bearing, while on the crosshead journals the direction of 
both pressure and motion changes with every revolution of the 
engine. In all these cases the safe working pressure has a 
different value. 

When the diameter of the journal is d inches and length I 

inches, the effective bearing area of the journal is d x I square 

inches. Therefore, when the total load upon the journal is 

W 
W lbs., the pressure p in lbs. per square inch is equal to j — v^ 

Co y> L 

(102) II. Velocity of Sliding Surfaces.— At velocities of 
below 100 feet per minute with high loads, the frictional resist- 
ance is generally abnormally high, but at greater velocities it 
has been found to vary directly with the square root of the 
velocity, with good lubrication, and with pressures below a 
certain limit. It is always assumed that the frictional resistance 
increases as the velocity increases, and hence bearings for journals 
running at high velocities are subjected to a less pressure per 
square inch than bearings for low velocities. 

If a shaft of diameter d inches makes N revolutions per 
minute, then the velocity of sliding in feet per minute is equal 
, 'ird^ 

(103) III. Material of Sliding Surfaces. — Different metals 
in contact give different frictional resistances, hence it is desir- 
able to choose such materials as shall be known to run easily. 
For a material having suitable wearing qualities, gunmetal (a 
mixture of copper and tin) is found to give exceedingly good 
results when used in contact with iron or steel journals, it is, 
therefore, chiefly used as linings for all kinds of bearings, the 
linings being known technically as "brasses" or "steps." Other 
metals such as "white metal" (a soft mixture of lead or tin, 
with copper and antimony), " Babbit's metal," and " Magnolia " 
are known to largely reduce the frictional resistances, and are, 
therefore, used to line the brasses of bearings, especially when of 
large size. 
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(101) IV. IiubiioantB Euid IiubrloatioiiB. — Very little need 
be said here of the different lubricants ; they are used either in 
a flaid form, as the mineral and vegetable oils, or in the more 
solid form of tallow, and their specitil qualities is more a question 
for the machine user than the designer. This, however, is not 
the case vith the method of applying the lubricant, upon which 
indeed the whole aucceaa of a baring depends. 

(105) Seat of FresflUTS. — In all bearings there are one or 
more parts where a greater pressure is exerted than upon any 
other part, which parte may be called the " »eat of presaure." 
For example, in the nuua bearing of an engine crank shaft, fitt«d 
with a driving flywheel, forces act upon the bearing caused by 
(L) the pressure on the crank pin ; (ii.) the mass of the fly- 
wheel; (iii,) the pull of the driving belt; and if the magnitude 
»nd direction of these are known, it is easy to approximately 
determine the direction of the resultant pressure, which resultant 
will pass through the "seat of pressure." The lubricant must 
then enter into the brass at the opposite side of the bearing, aa 
only by so doing can it possibly be carried round by the journal 
and form the necessary film between it and the brass at the part 
where the pressure is greatest. Hence all oil holes or channeU 
should lead to that part of the brass where the pressure of the 
journal is least, and which may be called the "off side" of the 

(106) Bath laubrioation. — The best method of applying a 
lubricant is undoubtedly that known aa " bath lubrication," where 
the jouimal dips in a bath of oil, some of which it carries round 
with it every revolution. But such a fitting is costly and com- 
plex, and is very seldom practically used. An example of its 
application to the bearing of an ordinary driving shaft is given 
in Fig. 160. 

(107) Pad Lubrioation.— The next best results are obtained 

by using " pads " saturated with 
the lubricant. As commonly 
fitted, it is usual to cut away 
portions of the step where the 
pressure is least, and fill in the 
space with a pad of soft felt, to 
which the oil way leads. Such 
an arrangement is shown in 
Fig. 151, where the right- and 
leit-hand quarters of the brasses 
inside the flanges are cut away, 
the space being filled with felt, 
FF. The felt is kept saturated witJi oil from the oil cup 0, 



LrSBIOATORS. 219 

tbrougli the boles &nd groovea shown. Locomotive axle boxes 
ore lubricated in this way. 

(108) Needle and Siphon Lubrication. — ^The common but 
loss efficient method ia to constantly supply a small stream, or 
continuous drops of the lubricant to one or more parts of the 
journal by means of the " needle " or " siphon " lubricator. 

The needle lubricator (Fig. 152) is largely used in ordinary 
shop shafting, and so far as it goes, is very efBcieut. It simply 
consists of a glass bottle, G, Stted with a wooden plug, W, 




Fig. 153. 

through which pa^es a short length of thin wire, N, the lower 
end of which rests upon the joumaL When in good order, the 
very small vibrations of the journal as it rotates are supposed 
to cause a alow descent of the oil, which descent stops when the 
journal ceases to rotate. 

Siphon lubricators. Fig. 153, are most commonly employed in 
all classes of bearings. They consist of an oil cup fitted with a 
cover or cap, 0, and having a small tube leading from near the 
top of the cup to the journal, a piece of cotton wick is pushed 
down the tube for a short distance, the other end lying in the 
oil, the result being a continuous slow siphoning of the oil into 
the pipe through iwiich it reaches the journal. Inside diameter 
of tube, ^" to ^', 

The relative values of the three methods of lubrication — 
"bath," "pad," and "siphon," may be taken as equal to the 
numbers 10, 3, 2, the " bath " being the best. 
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Solid lubricants are best filled into a box having a screwed 
top, the periodical screwing down of which forces a small portion 
of the lubricant on to the journal 

(109) Practical Iiimits of Pressure. — The following values 
are those usually adhered to in practice for bearings of ordinary 
construction with siphon lubrication. It will be noticed that 
the pressure is least for those journals running at high velocities, 
and also that the range in some of the cases is considerable. 
This latter is, of course, to allow for the different speeds at which 
different shafting and engines run, and hence the student should 
select the lower values for high speeds (300 to. 400 revs, per 
min,^, and the higher values for low speeds (120 to 200 revs, per 
min.) 

As a general rule, machine and engine makers aim at long 
journals and low pressures, and a consequent smooth-running 
bearing, especially with high speeds. Thus while the length of 
ordinary shafting and engine journals varies from c? to l^ d, 
where d = diameter, the length for quick-running engines and 
dynamos is often equal to 2^ d or 3 d. On the other hand, when 
limitations of space prevent a long journal being used, close 
attention must be paid to efficient and continued lubrication. 

Press, in lbs. 
J oamals for— per sq. ixL 

Workshop shafting 200 

Fly wheel shafts, 150 to 250 

Engine crank pins, . ) ( 500 to 800 

Engine crosshead pins, > Small engines, < 700 to 1800 

Engine girder blocks, . ) ( 25 to 50 

With bath lubrication at the highest velocities, the pressure 
should not exceed 500 lbs. per square inch. 

(110) Pedestal Bearings or Flmnmer Blocks. — An example 
of the simplest make of adjustable bearing or plummer block is 
shown in Figs. 154 a and b. It represents the construction 
commonly adopted by makers of mill and workshop shafting for 
ordinary driving purposes, and may be bolted to hanging 
brackets or wall boxes. In general principles it is representa- 
tive of larger pedestals for the more important work of crank 
shaft and flywheel bearings, to which the following remarks 
may be taken to generally apply : — 

The pedestal P is a cast-iron block provided with a larger base 
plate, P B, for rigidly bolting the pedestal down, and a loose cap 
0, held to the pedestal by bolts b 5, which in Fig. 154 pass right 
through from the base, but which in larger sizes are screwed or 
cottered into the pedestal. Loose brasses, B B, fit between the 
pedestal and the cap, and form the bearing surface for the 
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joama]. Lubrication is eSected in the block of Fig, 154 b; 
fitting a glass lubricator in the hole shown in the top <^ the cap, 




Fig. 1646. 



and in. larger sizes by a sejHirate siphon lubricator, or a lubricator 
cast with the block. 

(Ill) Brasses or Steps. — Tbeae consist of two half bushes 
or sleeves of gunmetal, B B, accurately bored to surround the 
journal, which fit into the cast iron pedestal P, and are kept 
flx)m turning by one of the following devices : — (1) When the 
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pedestal is bored with a cylindrical hole, the brasaea may be 
fitted with small rectangular lugs, I, which fit into recesses in the 
pedest^ and cap, as seen in Fig. IMh, or they may have a small 
length of round rod driTon into the top and bottom of the 
brasses, and fitting into holes drilled in Uie pedestal and cap ; 
these are both cheap stops, but are not adopted in larger 
pedestals. (2) The pedestal may be finished with a square or 
a hexagonal hole, and the brasses cast square or hexagonal for 
a certain part of their length, about J* to f , as shown in 
Figs. 155a and 6. One of these is generwly adopted for 
pedestals of large size, the former being the cheaper. 




Fig. 155a. Fig. ISSb. 



The brasses are prevented Ttom moving along the shaft by 
side f anges, F F, between which the pedestal and cap fib. 
These are shown on the brasses of Figs. 154 and 155. The 
brasses cannot then, of course, be pushed into place from the 
side of the pedestal, but are dropped in irom the top, and should 
fit without play. 

Brasses shoald be divided across the line of least pressure 
at which part they may be slightly thinner than at the parts 
where the pressure is greatest and where they will wear 

(112) Adjoatment of Brasses. — In the majority of pedestals 
it is only necessary to allow of a vertictd adjustment, the wear 
only taking place at the bottom of the lower brass. This adjuai^ 
ment is effected by filing off a part of one or both brasses from 
the snir&ces where they meet, and screwing down the cap C ; to 
dllow of this the cap should be shown clear of the pedestal by a 
distance of &om -^ to ^', depending upon the size, and should 
only bear on the top brass. In engine and flywheel bearings 
the brasses are separated by packing strips of brass which, by 
being made thinner, enable the wear to be taken up. 

F^estals for engine crank shafts require horizontal adjust- 
ment, as the pull and thrust along the connecting-rod produces 
side wear ; a convenient arrangement for effecting this is shown 
in Fig, 158. When fitted with a heavy flywheel or driving- 



PEDESTALS. 



223 




1 FLY 
Y WHEEL 



Fig. 156. 



wheel they may also require vertical adjustment, and the brasses 
are then made in four 
sections, and are 
arranged as in Fig. 
156, which represents 
the brasses (marked B) 
for the pedestal of an 
engine crank shaft 
fitted with a heavy 
driving-wheel, the pull 
on which was neaarly 
horizontal. In this 
pedestal a vertical ad- 
justment is obtained 
by screwing down the 
cap 0, and a horizontal adjustment by means of the wedge 
blocks W W, which are moved by the screws S S. 

(113) Pedestal and Cap. — The width of the pedestal and 
cap (marked w in the plan of Fig. 1546) is decided by the 
length of the brasses inside the flanges, but as a rule it is un- 
necessary to adopt this width throughout, and it is made less 
round the cap bolts, as shown. To a certain extent the length 
of the base depends upon the distance apart of the cap bolts, 
but it is not advisable to cut down the metal of a pedestal to the 
smallest amount, as it would probably then lack stiffness and 
rigidity, and would not give steady running, hence the student 
should not look for a statement of the exact proportions to be 
observed since a pedestal is not designed by considering the 
stresses acting upon it, to resist which it is probably abnormally 
strong, but rather with the idea of properly supporting the 
brasses with sufficient strength and stiffiiess. 

In pedestals where the pressure acts horizontally upon one 
or both sides of the brasses" as in crank pin bearings oVwhere 
the pull of the strap on the driving-wheel is horizontal, the 
pressure tends to turn the pedestal about one end of the base 
and produces a tensile stress upon the bolt holding down the 
other end of the base; this turning effort increases with the 
height of the centre of the journal above the base, and it is, 
therefore, desirable to keep the brasses low in the pedestal. The 
examples given will show that this is generally done. 

Notice that in order to reduce the amount of machinery and 
surfacing to a minimum, the brasses are only fitted for a short 
distance inside the flanges, the other parts of the pedestal and 
cap and brasses being left as cast, and clear of each other (see 
Figs. 155a and 6). Also, that the pedestal base only rests upon 
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a narrow strip round the edge (known as "chipping strips**), 
that bosses are generally cast for all nuts to bed upon, and that 
a narrow projecting strip of metal is also cast around the pedestal 
and cap where the flanges of the brasses fit. The holes in the 
pedestal base are made long to allow for adjustment. 

(114) Bolts in Pedestal Caps. — These are invariably pitched 
as close together as possible, and frequently cut into the sides of 
the brasses for bearings, having only vertical wear. When studs 
are used there is, however, a limit to their nearness to the brass 
for the reasons given in § 42, and hence bolts are frequently 
used as in Fig. 154, which pass right through the pedestal from 
bottom to top. But with angle pedestals, as in Fig. 157, the 
use of bolts is not possible, and then the custom is to drive 
small cotters through the pedestal and bolts, and thus gain a 
compact design. 

A pedestal should never be arranged so that much, if any, 
pressure comes upon the cap, hence the cap bolts are not re- 
quired to stand much stress. The metal around the bolts must 
be sufficient to extend about J" beyond comers of nuts. It is 
better to take the centre for the arc x in Fig. 1546, from a point 
within the bolt centre, and not at the bolt centre. 

(115) Proportions of Pedestals. — The following proportions 
will assist in guiding the design, d = diameter of journal : — 

Length of brasses ^ length of journal = l'5d for ordinary speeds, 2 d 
for quick speeds. 

Thickness of brasses at seat of pressure = I d + ■^" (muiimum of i")» 
The thickness at other parts for journals above 2" diameter may be three* 
quarters of this thickness. 

Flanges on brasses not less than i" thick, usually f to }". Flangea 
need not lap over the pedestal more than f to i" 

Diameter of bolts in cap = i dtoO'Sd. 

Thickness of cap = 1 '3 to 1 '5 times diameter of bolts. 

Diameter of holding down bolts = diameter of bolts in cap + \". 

Thickness of base = 1 '5 to 1 7 times diameter of bolts. Centres of base 
bolts arranged to give room for nuts to turn round without cutting into the 
fillet joining the pedestal to the base ; metal outside holes to allow for 
overlapping nuts as in ordinary flanges. 

(116) Crank-shaft Pedestals. — The "angle" pedestal in 
Fig. 157 is of a type now extensively used for the crank-shaft 
bearings of small-sized stationary engines, and is frequently cast 
with the engine bed — the usual angle of inclination being 45\ 
By arranging the cap in this way it is possible to take up the 
brasses, and allow for wear better than with a horizontal cap^ 
and it thereby combines a partial horizontal adjustment without 
any special fittings. The cap bolts are held to the pedestal by 
cotters, C, driven through the bolts and the surrounding metal^ 
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as shown in the figure for one bolt. The bolts are often made 
square for the length within the pedestal, to allow for the metal 
removed by the cotter way, and the cotters may be driven from 
a front face of the pedestal instead of the sides. Bolts rather 
larger than the usual size, and provided with lock nuts, should 
be fitted, as part of the pressure on the upper brass comes on the 
bolts. The siphon oil cup S G is cast with the cap, and should 
be fitted with a loose cover. 




Fig. 157. 

The crank-shafb pedestal of Fig. 158 is shown as fitted to the 
horizontal engine of Fig. 179, and is arranged for horizontal 
adjustment. The brasses are split in two places in vertical planes 
with a packing strip of leather between them, but as will be seen 
in the figure at A and B, are so divided, that when the packing 
pieces P are removed, the two halves of the brasses A and B 
can be turned round and lifted from the pedestal. The flanges 
on the brasses must be large enough to extend over the packing 
pieces and bear against the metal of the pedestal. 

Oast-iron distance pieces, P P, are inserted between the sides 
of the brasses and the pedestals, which are forced against the 
brasses by screwing in the set screws S S, thus adjusting for 
wear. An isometric projection of the packing piece is shown 
separately at P'. Notice the recess R in the pedestal where the 
brasses rest, to avoid machining that part all over. The cap is 
held by studs screwed into the pedestal, and is provided with a 
siphon lubricator, cast with the cap. 

15 
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It is important to remember th&t crank-shail pedestals are 
subject to a changing stress, the pressure being first on one brass 
&nd then on the other brass. The brasses must, therefore, be 
well surrounded by the pedestal, so that the stresses m&j not 
come upon the cap or bolts. By referring to Fig. 154, where the 
pressure is practically a downward one, it will be seen that the 
top brass ia almost completely surrounded by the cap, whereas 
in Figs. 1&7 and 158 the cap is practically a flat plate, and both 
the top and bottom brasses are surrounded by the pedestal, 
thereby ensuring considerable strength and rigidity. This 
difi'erence must be borne in mind when designing. In Figs. 164 




Fig. 158. 

and 157 the cap is prevented from moving independently of tha 
bolts by inside projections fitting within the pedestal, and in 
Fig. 158 by the outside projections which flt into outside recesses 
in the pedeetaL Some provision of this kind must always 
be made. 

(117) Order of Drawing. — The following order should be 
adopted in designing and drawing a pedestal. Usually three 
views should be shown — a front elevation half in section, an end 
elevation partly or wholly in section, and a plan :~ 

1. Decide ratio of length to diameter of brasses, and thickness; 
also height &om base to centre, and draw brasses in all views. 

2. Show thickness and position of cap, draw in bolts and pro- 
portion the metal around the bolts, and the length of the cap, 
allowing for overlap beyond the nut. 

3. Arrange size and position of holding-down bolts in base, 
and length of base. 
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4. Oomplete details, not forgetting bosses, chipping strips, and 
arrangements for lubrication. 

EXAMPLES. 

Make working dimensioned drawings, showing three views ot 
the following pedestals : — 

EX. 1. — Simple pedestal for 1 J" shaft, as in Fig. 154. 
Journal 2 J" long, brasses ^" thick, flanges 2f " diam., |" thick. 
Cap f " thick, J" bolts. Base 1" thick, 2" wide, |" bolts. Hole 
in cover for glass lubricator J" diam., f " deep. Pull size. 

(Brasses divided across horizontal centre line, thickness may be nniform 
as size is small. Cap bolts, square heads ; clearing holes, within about ^' 
of lugs on brasses. Cap is tnicker next brass than where bolts pass 
through. Pedestals of such small size do not usually have bosses and 
projections for bolts and flanges of brasses, but must have under side of base 
recessed. Show a good fillet between pedestal and base. Arrange height 
so that flange of brasses is about f ' clear of base. ) 

EX. 2.— Crank-shafb angle pedestal, as in Fig. 157, for 4" 
journal, 6" long. Angle 45°, cap bolts IJ" diameter, held by 
cotters and fitted with lock nuts. Brasses, as in Fig. 1556, 
with circular flanges J" thick. Oil box cast with cover. Full 
size. 

(Brasses divided across 45° line, draw in brasses from proportions in text, 
next draw in bolts ; if cotters are driven as shown in Fig. 157, then metal 
on each side of hole not less than bolt diameter ; if driven from face at right 
angles to position of Fig. 157, then bolts may be closer in. Arrange metal 
around bolts, and length of cap. Let distance from centre of shaft to base 
be as small as convenient to get in base bolts on right-hand side clear of 
cap, so as to allow for nut. Notice that the further the base from the 
centre, the shorter need the base be to allow of this clearance. Provide 
projecting face for flanges of brasses, and bosses for base bolts. ) 

EX. 3. — Crank-shaft pedestal with horizontal adjustment as in 
Fig. 158, journal 3 J" (fiameter, 5" long. Height from base to 
centre of shaft 8''. Brasses as in Fig. 155a, to overlap pedestal 
on each side -f", flanges f" thick. Base 3J" wide. Round cup 
for lubricator, cast with cap, 2J" deep, 2" diam. outside. Set 
screws for adjustment §" diam. with lock nuts. Bosses for 
holding down bolts and for set screws. Scale, 6" =1'. 

(Draw in brasses, which may be reduced in thickness at top and bottom 
by planing off a part in machining up the squared parts next to flanges. 
Brasses split as shown in vertical planes, and so that a line joining the 
middle of each split, as 6 & in the figure, passes through the centre. Then 
in taking out a half brass, the lower edge marked a will describe an arc of 
a circle, having the shaft centre for a centre. Draw this arc and it will 
show the least distance from the centre to the inside of the pedestal, and 
will, therefore, give the thickness of the packing pieces. Notice that these 
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are made of the H form to save machining, and only bear against the 
squared part of the brasses and across the centre. Let flanges overlap 
pedestal about f. Then draw in cap thickness and studs (see § 115), and 
nnish cap. Show set screws for packing pieces and finish base, allowing a 
large radius for the fillet in consequence of the height of the «haf t centre 
from the base. Notice other points as in § 116.) 

(118) Footstep Bearing. — Vertical shafts are supported by 
resting their lower ends in footstep bearings. The lower part of 
the shaft is turned smaller to form a journal, and the end is 

turned slightly spheri- 
^<5^^5^r^ cal, and rests upon a 

'^^^^^'^'^^^'^'^^^ brass arranged in a 

suitable pedestal. As 
the pressure comes en- 
tirely upon the end of 
the shaft, it is some- 
what difficult to ensure 
proper lubrication. In 
Fig. 159 is shown a 
footstep bearing for a 
5^" diameter shaft, 
which is arranged to 
have continuous lubri- 
cation, and to allow of 
the brassbeingremoved 
without having to lift 
the shaft. Experi- 
ments have shown that, 
by cutting a small 
groove (shown by 
dotted lines across a 
diameter of the shaft 
end) and introducing 
the oil under the centre 
Fig. 159. of the shaft, then the 

shaft in rotating carries 
round a supply of oil in the groove, forces it radially outwards 
and up around the shaft until it issues at the top of the 
journal, and that if the supply under the shaft centre can be 
kept constant, then the lubrication will be very efficient, and 
the brass will carry a high pressure. The brass in Fig. 159 
is arranged to effect this ; it is of square form outside and 
recessed to form an oil cup, C, the outside rim of the cup 
being carried up beyond the end of the journal in order to catch 
all the oil squeezed out. The oil then flows from the cup C C 
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through the holes, as shown, to the centre of the shaft end. The 
oil holes require to be drilled in the brass, and afterwards 
plugged up, as shown. The brass rests upon a cast-iron box 
frame, P, having top, bottom, and two sides, which serves as 
a packing piece, and which when removed allows the brass to 
be slipped down from the journal and taken out, its depth must, 
therefore, slightly exceed the depth of the brass. The brass is 
surrounded by three sides of the cast-iron frame, having an 
enlarged base and stiffening ribs, E, R, and secured by the 
cover D, fisustened to the frame by the four bolts, as shown. 

EXAMPLE 

EX. 4. — Draw the footstep bearing, as in Fig 159, to the 
sizes given. Bolts in cover, I" diameter ; 1" holding down bolts. 
Show bosses for holding down bolts. Scale 6" =1'. 

(119) Bath Lubricated. Bearing. — An example of a continu* 
ously lubricated shafb bearing for bolting to a pillar or wall is 
shown in Fig. 160. The length of the journal is three times the 
diameter, and in consideration of this and the full lubrication 
the bearing is of cast iron. The actual bearing B B which 
surrounds the shafb is enclosed in an outer casing C, the lower 
half of which is attached to the flange W F for bolting to the 
piUar or wall. Each half of the bearing B B forms a part of its 
casing, being connected by the horizonal webs W W, and in the 
bottom half by the central rib K. The two halves of the casing 
are bolted together by the flanges F F at the back and front. 
At each end of the bearing B B cast-iron discs D, made in two 
halves, are bolted together round the shafb and turn with it, and 
above each disc a small curved clip, O C, is loosely jointed, as 
shown, so as to continually rest on the rim of the disc. Oil is 
poured into the casing by taking out the top set screw, and 
is carried round by the discs to be scraped off by the clips, 
down which it drips to the inclined top of the bearing and then 
through the hole H and groove G to the shaft. The bottom set 
screw is for removing old oil, and the cups or savealls S S are 
tor catching any oil which oozes out between the shafb and the 
outer casing. 

EXAMPLE. 

EX. 5. — Make a working dimensioned drawing showing front 
elevation partly in section, end elevation in section, and plan of 
the bath lubricated bearing of Fig. 160, sizes as follows : — Shafb 
3J" diameter. Bearing B B 10'' long, metal |" thick, from centre 
to top of sides of inclined part in upper half 21", outside width 
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3 J". Oil hole H I" diameter, groove G I" wide. Centre rib R f" 
thick, hole at lowest part to allow oil to pass through. Casing 
14K long and 81" diameter outside, thickness f; webs "WW |', 
flanges I". Flange for bolting to wall IJ" thick, IGf long, 11' 
wide, 9 from centre of shaft. Projecting box comers for hold- 
ing clips Z" outside in direction of shaft length, ^Y outside 
width, 61" from centre of shaft to top. Cast-iron discs D 1-j^* 
total depth, thickness of metal next to shaft -^^ length in direc- 
tion of shaft \Yy other thickness ^^ outside diameter of dished 
part 7 J", fixed by f '' bolts, nearest face of disc ^^ from end of 
bearing B B. CHps about 2^" long, ^^ to J" in width, J" to ^^ 
in thickness, fixed by Y pins to a small forked rod, bolted 
through top of casing, as shown, rod ^ diameter. Oil cups h" 
diameter, 2|*' deep outside, fixed by J-*' rods. Set screws for oil 
inlet and outlet f " diameter. Scale ^ = 1'. 

(Show projecting facmg at ends of casing next shaft, and also bosses for 
set screws. Back flange to have centre strengthening ribs, as shown, and 
bosses for bolts. Flanges on casing need not extend for whole length, as 
two bolts on each side are sufficient. ) 

(120) Wall Brackets. — The bearings for workshop and mill 
shafting generally require fixing to walls or overhead beams, for 
which purpose a number of standard forms of cast-iron brackets 
are adopted. 

The pedestal bearing may either be cast with the bracket, or 
bolted to it in the form of a separate plummer block, as in 
Kg. 162. 

In Fig. 161 is shown the construction of a wall bracket for 
a \^ diameter shaft, in which the bearing is cast with the 
bracket. As the pressure is all upon the bottom half of the 
bearing, there is no top brass, the shaft rubbing against the 
cast-iron cap. At first sight it would seem that the use of studs 
for holding the cap down would be more convenient than bolts, 
and would save the underneath bosses, but as previously men- 
tioned, many engineers avoid studs owing to their tendency to 
break off where the screwed part ends. The view A is a section 
of the bracket at that part. 

(121) Savealls. — In Figs. 160 and 161 cast-iron cups or boxes, 
S S, are shown on each side of the bearing. These are fitted to 
catch the waste oil oozing out at the ends of the brasses, and are 
generally made a part of all overhead shaft bearings. Many 
makers cast them on all pedestals, for whatever purposes, an 
example which the student will do well to imitate. They need to 
extend beyond the brass in both directions in order to catch all 



232 HACHINB AITD BNaitTB DBAWIHa AND DESIQH 



the drops, and in thiokneaa mual; not be less than i", owing to 
difficulties of casting. 
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(122) Overhead Braoket. — A bracket for bolting to an over- 
head beam is ahown in Fig. 162, tlie pedestal for a 2" diameter 
shaft being a separate fitting bolted and wedged to the horizontal 
projecting arm. The square bosses B B are for the holding down 
bolts. The size of the top flange evidentl}r depends upon the 
size of the beam, or the space available for supporting the 
bracket. 

The calculation of the necessary amount of metal for such 
brackets as these is somewhat too difficult for a work of this 
character. But the student should notice that there are both 
bending and shearing forces acting upon the projecting arms, 
and that the T section of the arms, as shown at A, fig. 161, 
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ofiers the most economical form for strength and stiffness, the 
latter being very necessary. On the fixing bolts of Fig. 161 there 
is a shearing stress acting on both bolts B and 0, together with a 
tensile stress on the top bolt B, caused by the tendency of the 
bracket to turn downwards about the bottom edge of the flange 
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Fig. 162. 

as a hinge. On the bolts of Fig. 162 there are tensile stresses 
only, hence other things being equal, the bolts for a bracket 
as in Fig. 161 should be larger than for a bracket as in Fig. 162. 
It is doubtful if the makers of these brackets are able to 
calculate their necessary section, they are guided rather by 
previous experience, and the brackets are probably abnormally 
strong. 

EXAMPLES. 

Make drawings to a scale of 6"=r, showing side and end 
elevations and plan of the following brackets for shaft bearings : — 

EX. 6. — Wall bracket for a journal If" diameter, 3i" long, 
as in Fig. 161, distance from centre to wall 14". Pedestal part 
fitted with simple bottom brass with side flanges, width of cap 
and part through which bolts pass 2", projection on both sides 
2J" diameter to make up length of journal. Bolts for cap |" 
diameter, 5J^" centres, oU cup for glass needle lubricator, cast 
with cap. Savealls 4" wide, 1 J" deep, each 3" from centre to 
outside in direction of shaft length. Wall flange 16" long, 6" 
wide, X" thick, inside web 1" wide, }" thick ; top flange |" l£ick, 
web l|" wide ; bottom flange J" thick, web 1 J" wide. Top and 
bottom flanges taper as shown from 6" to 2". Length of wall 
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flange above top flange 3". Bosses for bolts in order to keep 
tbem dose into top and bottom flange. 

EX. 7.— Bracket for overhead beam as in Fig. 162 for 2" shaft 
pedestal. Show pedestal in position, its design to be as in 
Fig. 154. 



SECTION XXIV. 

STUFFING BOXES. 

There are a number of rods used in engines, and engine fittings 
of different kinds which require in working to moTo to and m> 
through the covers or casings of cylinders, or other vessels con- 
taining steam, gas, or air, without allowing any of the internal 
fluid to escape. 

To prevent this leakage these rods require to pass through 
"gluing boxee," which consist essentially of circular boxes 
containing rings of "paekmg" tightly surrounding the rods in 
such a way as to prevent the passage of fluid between it and the 
rod. The packing is kept in position and forced out against 
the rods by a loose bush called a "gland" held in plaoe by studs 
and nuts (see Fig. 163a). 



Ikdbx to Pasis. 
PR, KstOQ-rod. 
3 B, Staffing boi. 
H B, Neck brau or back bosh. 

P, Packing (BaU's aabestoa). 

G, Qluid. 

B, OUnd bioiB. 



Pig. 163a. 

For example, piston and slide valve rods of steam cylinders, 
pumps and rams for water pressure, spindles of cocks and valves, 
nil require to pass through stu£Bng boxes, and as it is highly 
important to prevent leakage it is necessary for the student to 
understand the construction of stuffing boxes, and to be able to 
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design them in connection with any of thu numerous parts to 
which they are fitted. 

The number of patent stuffing boxes and different kinds of 
packing (metallic, hemp, asbestos fibre, &c.) at present in the 
market is far too large for description here. The student would 
do well to notice their chief features in the advertisements of 
the different engineering journals, but only general principles 
will be dealt with in the following remarks : — 

In making drawings of stuffing boxes it is not usual to show 
the packing, or to state what kind it is to be. 

(123) Common Form of Stuffing Box.— Fig. 1636 shows a 




Fig. 1636. 



stuffing box as fitted for the air pump plunger of a horizontal 
condenser (Fig. 197), which will serve as a good example of the 
most common form of construction. 

The piece marked G is the " gland " which compresses the rings 
of packing in the space P P against the plunger R, when screwed 
in by the studs and nuts. For rods up to 2^" or 3" diameter this 
is generally made wholly of brass, but for larger sizes is of cast 
iron with a brass bush as shown in the figure. The most usual 
shape of the flange of the gland, when only two studs are used, 
is shown in the end view. Large boxes are fitted with three or 
four studs and circular flanges, and have frequently an arrange- 
ment of toothed gearing (a toothed ring on the gland piece and 
small pinions which form the nuts gearing into it), so that when 
one nut is turned all shall turn, and thus screw the gland in 
equally all round. 
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At the back of the box is fitted a brass bush, B, to keep the rod 
from rubbing on the hard metal of the cover or casing. 

(124) Lubrication of Stuffing Boxes. — It is necessary to 
arrange for the rod and gland to be well lubricated. A conyenient 
method when the box is horizontal is to extend one part of the 
gland flange and leave it hollow to form an oil cup, the oil being 
siphoned down the small supply pipe to the rod by a piece of 
cotton wick ; a piece of thin brass hinged at one end forming a 
cover, this is shown in the figure, where C is the oil cup, p the 
pipe, and L the lid. 

With vertical boxes, lubrication is best effected by attaching 
a separate lubricator leading to a groove cut in the gland. 

(125) Proportions of Stuffing Boxes. — These are generally 
decided by very practical considerations, the following being the 
most important : — 

The length of a stuffing box for high pressures should be 
greater than for low pressures, whether steam or water, therefore 
the boxes of H.F. cylinders usually contain more packing than 
those of L.P. cylinders for the same diameter of rod. 

Whenever possible it is always better to fix long stuffing boxes 
than short ones, they give &r less trouble in working and require 
but little attention. Special limitations of space as in marine 
engines may sometimes handicap the designer, but generally 
speaking, a long box should be aimed at. 

These same remarks apply also to the length of gland and of 
the back bush. They are subject to much wear, and, therefore, 
last longer when of good length. Frequently, as in the case 
of slide valve rods, they act as guides, and are made of extra 
length, especially when the rods do not extend through the back 
of the cylinder or casing, forming what are called " tail rods " 
(see Fig. 181). 

The stuffing boxes of valves and cocks are of smaller size 
compared with the spindle diameter than those of cylinders and 
slide valve chests, as the spindle is only subject to occasional 
rotary movement, and the packing may be screwed up much 
harder against the rod. 

The following proportions are taken from stuffing boxes on a 
number of engines and fittings, made by different makers : — 

(126^ Size of Packing. — Packing is made in sizes increasing 
by I", out it is always sufficiently pliable to be compressed into 
sHghtly smaller spaces. The following sizes are measured between 
the rod and box, and, therefore, give all that is necessary to deter- 
mine the diameter of the box, as, for example, a 1 J" rod using I" 
packing would require a box of diameter equal to 1^ + (2 x |) 
-2^. 
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Diameter Of Rod, |, f, 1, 1|, 1^ If, li, If, 2^ 3|, 4|mQjieB. 
Size of Packing, J, ^, |, ,2^, |, ^, |, i j, |, j. l „ 

(A rule often used is, Size of packing = ^ d + i" to i* where d = diameter 
of rod). 

The above sizes are for steam pressures not exceeding 120 lbs. 
per square inch. For the stuffing boxes of air pumps and feed 
pumps, above 2" diameter of rod, a smaller size may be used. 

(127) Depth of Packing. — For piston-rod stuffiiig boxes, and 
for those of pumps having much movement, it is usual to put in 
enough rings of packing to give a depth of IJc? to 2 d — ^that is> 
4 to 5 rings. 

For the stuffing boxes of valves and cocks where the rods are 
only occasionally moved, the usual practice is to put in only two 
rounds of packing. The reason for this is that the gland can be 
screwed down much more tightly than with piston or pump rods, 
where the question of the friction of the stuffing box is impor- 
tant. 

(128) Length of Gland next Bod 

= 2 (]? up to 1" diameter. 
1 J d from r to r diameter. 
d tol^d above 2" „ 

(129) Length of Bush next Bod 

= ^d up to 2" diameter. 
I c? above 2" „ 

Thickness of brass liners for glands, or of bushes at back of 
box not less than \\ 

(130) Gland Studs and Flange. — Where two studs are used, 
the diameter may be as small as f " for the stuffing boxes of 
valves, but for piston or valve rods above f " diameter the studs 
should not be less than ^". Studs of f " diameter should be used 
for rods from 1" to If" diameter, and of V diameter for rods from 
If" to 1 J" ; above that size up to 4" mameter, I" or 1" studs. 
Thickness of flange not less than diameter of studs. This gives a 
flange thickness of 1 J to 1^ times the thickness of the metal of the 
gland. The length of the studs must be sufficient to allow the 
gland to be fully out with the nuts on, and the length of the 
plain part of the studs should not be greater than the thickness 
of the gland flange. Lock nuts are frequently fitted. The ends 
of the gland and bush next the packing are generally turned at 
an angle of 60°, to act as wedges and force the packing out against 
the rod. The size across the gland in end view (marked A) need 
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only exceed the outaide diameter of gland by about J' to J" on 
each Bide. When the box ia external (Eig, 180) the size acrosa 
the glfind ia not usually made lesy than the flange on the bo:&. 

All other aizea can be decided without difficulty after wording 
previous examplea. 

(131) stufflug Boxes for Valves and Cooks. — Fig. 164 
showa the form ot stuffing box commonly fitted to email yalves 
and cocka. The outeide of the box is 
screwed, to fit a covered hexagonal 
nut, N, which forces the small gland G 
ft down against the packing P. It is a 
good point to make the nut some 
standard size acroaa the flats, a con- 
venient size being that of a Whitworth 
nut one size less in diameter than the 
diameter of outside of stuffing box. 
The nut must be thick enough to allow 
of screwing on when newly packed, 
and ia uaually turned cylindrical above 
^ and below the hexagonal part as 

, , shown. 

/""N f^\\ (132) Stuffing Boxes for HydrauUo 

( ) ) / Purposes, — For the rama and plungers 

\__^ / / of ordinary pumps, atuffing boxes with 
hemp packing of the same form as for 
ateam engine work are used. Even 
Pig 154 when the water pressure is as high ae 

2,500 lbs. per square inch it is possible 
to keep the ram tight with ordinary packing, and in cases of 
ram^ having a slow but continuous movement it is customary to 
use only two or, at most, 
three rounda of packing, well 
compressed by the gluid. 

The special packing used 
for hydraulic rains of presses 
or testing machines was origin- 
ally invented by Bramah, and 
consists of a cup leather of U 
section surrounding the ram 
and forced out agtuust it by 
the water pressure inside the 
oup. TTp to quite recently these leathers were roade with a distance 
between the aides of the cup of about 2^ times the thickness of the 
leather, but the latest make of ringis almost entirely closed, as seen 
in Fig. 165, with the sides of the cup practically touching. These 
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Fig. 166. 
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rings are fast displacing the older pattern as, besides taking up 
less space, they possess the great advantage of not working out 
of shape, and there really appears to be no reason why there 
should be any space between the sides of the cup. The box of 
Fig. 165 is for a hydraulic ram working under a pressure of 600 
lbs. per square inch ; the gland is screwed quite home, thus pre- 
venting the leather from having any movement. 

(133) Order of Drawing. — In drawing stuffing boxes it is 
sufficient to show two views, one being in section, as in Fig. 1636. 
The gland should be shown out to its fullest extent. The order 
of drawing should be — first to decide diameter and length of box, 
length of gland and bush, diameter of studs, and then draw as 
follows : — 

1. Centre lines, and lines showing rod in both views. 

2. Line showing frt)nt of box, then inside and length. 

3. Show back bush and gland piece. 

4. Draw in studs and nuts (see § 42). 

5. Finish gland in end view, the limits of flange being decided 
as previously described, and show arrangements for lubrication. 

EXAMPLES. 

Make working dimensioned drawings of the following stuffing 
boxes : — 

EX. 1. — Stuffing box for air pump plunger of horizontal jet 
•condenser (Figs. 1636 and 197). Plunger, 3f" diameter; distance 
from outside of cover to inside of division plate B, T ; thick- 
ness of metal, Y y i^etal around stuffing box, ^'' thick; back 
bush, 2f long ; packing, |^ Scale, 6^^ = 1'. 

(As this is for an air pump, the size of packing is less than for piston- 
rods ; the back bush serves as a guide for the plunger. Bosses should be 
shown for the studs to prevent them entering the condenser ; the projecting 
face on condenser is same shape as gland flange. Arrange for lubrication 
as shown.) 

EX. 2. — Stuffing box for H.P. cylinder cover of vertical engine 
(Fig. 180). Rod, l^' J cover, f thick; metal of box, f''; flange 
on box for gland studs to be thick enough to give sufficient 
length of screw. Full size. 

EX. 3. — Stuffing box for steam stop valve (Fig. 164). Spindle, 
1^* diameter; outside of box, 1^" diameter; screwed I*' gas 
thread, ^V' packing ; gland piece, y^^, including flange ^" thick ; 
depth of box, |" ; nut, |-* total thickness ; Y ^^ hexagonal part 
1^^ across flats ; cover, ^ thick. Full size. 

EX. 4. — Stuffing box for hydraulic ram Z" diameter (Fig. 165). 
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Diameter of box, 3f * ; depth of box, 3* ; gland flange, 6J' dia- 
meter, V thick, i — I* diameter stada ; leather, f deep ; casing of 
ram, 6^ diameter, increasing to 6* diameter for a length of 3', 
and to 6}' diameter for a length of IJ'. Full size. 



SECTION XXV. 

000K8 AND VALVES. 

t pipes are used to convey steam, gas, or water, and 
in all machines worked by these flmds or empjoyed in pumping, 
fittings are necessary to regulate 
the "supply" and " diaeharge." 
Such fittings consist of some form 
of "eoek" or "valve" made in 
gunmetal or oast iron, the special 
construction and action of which 
depends upon the requirements 
of each case. 

(134) Cooks. — In its simplest 
form, a cock consists of a hollow 
cylindrical plug, and a casing 
or shell in which the plug can 
turn round. Each is provided 
with two openings, and the plug 




Fig. 166a. Fig. 166& 

can be so placed as to bric^ these openings opposite each other, 




FiR. 167. 
in which case, there is a olecu- passage wa,j through the oock ; or 
the openings in the plug can be bronght opposite the solid part 
of tiie caaing, Urns shatttng off the <»ck. The plug is alif^ly 

16 
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conical, to ensure good fitting, and is provided with a stuffing 
box to prevent leakage. FLuiges or sockets are cast on the 
casing for fixing to pipes or other parts. 

The cock shown in Fig. 166a is of a pattern used for high 
pressure, steam or water, its detailed construction being shown 
by Fig. 1666. P is the plug shown in the position of "shut off," 
the opening being marked O, the spindle is in one piece with the 
plug, and is made with a square end to which a handle is fitted 
for turning the cock. The stuffing box for packing is marked p. 
Fig. 167 shows a cock for water at ordinary pressure, having 
the inlet and outlet passages A and B at right angles. 

The inlets and outlets of cocks may be made at any angle to 
each other to suit special needs, and small cocks are fitted with 
screwed ends or sockets instead of flanges. Sufficient points in 
the lines of interpenetration of the branches with the body of the 
cock, should be found as in Problem Ivi, Fig. 90, to allow of tho 
curves being properly drawn. 

(135) Three-way Cooks. — These are provided with two out- 
lets, having thus three ways. A sec- 
tional plane is shown in Fig. 168, 
the plug being placed to allow free 
passage fix)m A to both B and 0, and 
it will be easily seen that the plug 
can be turned to completely shut 
either B or C or both. 

(136) General Proportions and 
Construotion. — It will be recognised 
as a first principle that the area of 
the openings in the plug should 
each be equal to the area of the pipe, or of the waterway 
at the flanges. This obviously is not the case in the cock 
shown in Fig. 166, from which it follows that either a cock 
must be used of larger inside diameter at the flanges than the 
pipe to which it is fitted, or the water way of the cock and pipe 
must be unequal. It is to avoid this difficulty that the construc- 
tion of Fig. 167 is sometimes adopted, the inlet and outlet are 
increased in the direction of the plug length as they approach 
the plug, and diminished in the opposite direction, thus attain- 
ing a rectangidar section. This is desirable, for the further 
reason that when the openings in the plug are too wide, there 
is not metal enough left in the shell of the plug, except it be of 
large diameter, to overlap the openings in the casing sufficiently 
to prevent leakage, or the construction of casting inside lips as 
shown dotted at II, Fig. 168, may be adopted. Evidently then, 
the first point in designing a cock for a certain size pipe is to 
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settle the proportions of the plug, and from that arrange, the 
inlet and outlet branches, keeping the water way through each 
as nearly as possible equal to the pipe area. The following 
general proportions will assist in this : — 

Diameter of waterway at flanges = diameter of pipe ss d. 
Diameter of plug at centre = dtol\d» 

Unless the construction of Fig. 167 or of the lips in Fig. 168 is 
adopted, this diameter must be arranged so that metal of plug 
sufficiently overlaps the shell around the opening to flanges in 
position of shut ofl*. 

Width of openings in plug = 0'6 d, height = 1'3 d for pattern of 

Fig. 167, . '. area = "78^2 = area of pipe. 

Taper of plug on each side « 1 in 10. 

Thickness of shell of plug = ^" to ^" up to 3" diameter when of 

gunmetal, thicker when of cast iron. 

Thickness is increased at top and bottom. 

Length of plug should be arranged so as to overlap the casing at top and 
bottom, a distance of not less than ^ d for light patterns, as in Fig. 167, and 
i d for heavy patterns, as in Fig. 166. 

Thickness of casing may be &om ^^ to ^" in gunmetal, and from %" to 
f in cast iron, up to 4'' diameter. These proportions give abnormal 
strength, but are necessary for sound casting. Casing around plug is 
slightly thicker (t^" to -1^*) than at other parts, to allow for reooring. 
Diameter of plug spindle in gunmetal -I" to 2", for cocks from 1" to ^; 
spindle made hollow for large sizes. 

The proportions of stuffing boxes and flanges will present no 
difficulty after previous work. It is not necessary to put in 
more than two rounds of packing, hence the boxes need not bo 
deep. Notice also the following points : — The plug should be 
drawn and fitted with the greater half of its length above the 
centre line, to allow of sinking when reground after wear, hence 
there must be clearance between the plug bottom and casing. 
The plug is generally tui:ned by a handle fitting on end of 
spindle, which is made square for the purpose, this square being 
not quite perfect, as shown in the figures, to avoid sharp edges, 
and to make it easier to fit the handle. The flanges should bo 
kept as near to the casing of the plug as possible, allowing clear- 
ance for a nut to be screwed on the bolts fastening the cock to 
the pipe. The holes in the cock flanges should be spaced so as 
not to bring a bolt directly at the top or bottom. 

(137) Order of Drawing. — In drawing cocks it is usual to 
show two elevations and plan, the front elevation and half the 
plan being in section. Proceed in the following order : — 

1. Draw centre lines of all views. 

2. Draw plan of plug showing width of openings if as Fig. 166, 
and arrange diameter at centre so as to overlap when shut off, or 
use a smaller diameter plug and adopt the lips of Fig. 168. 
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3. Show plug in front elevation, tapering from ceniare line 
above and below ; draw lines showing inlet and outlet passages, 
and decide length of plug, then finish plug. 

4. Draw casing around plug and for stuffing box, also around 
the inlet and outlet passages. 

(Increase diameter of spindle if gland oomes too thick.) 

5. Complete gland, showing studs and flanges. 

(Gland does not require to be out from box more than |' to I'' when 
fully packed, gland studs to be kept close in to casing of box, length of 
spindle I'' to 2^ above top of studs, length of squared part equal to size 
across square.) 

EXAMPLES. 

Make working dimensioned drawings (three views) of the 
following plug cocks; full size. 

EX. 1. — Cast-iron casing, gunmetal gland and plug, 3' cock, 
heavy pattern, parallel passages for steam pressure, as in Fig. 166, 
shell of plug f '', spindle If, metal of casing Yi flanges ^^ thick. 

EX. 2. — Gunmetal cock f , for water pressure, to pattern of 
Fig. 167 ; flange A, 24'^ from centre of plug ; centre of flange B, 
2 J" from centre ; unaerside of flange, 2" below centre ; shell of 
plug, 1'^ ; thickness of metal around plug, \" full ; thickness at 
other parts, J" ; spindle, f" diameter ; flanges, |" thick. Inlet 
and outlet branches taper from 1^'' x ^" outoide at casing of 
plug to 1^" diameter at flanges. 

(138) Valves. — Of the large number of valves of different 
construction and manner of working examples of two classes only 
will be here dealt with : (L) self-acting valves, such as used in 
pumps and operated by the action of the water; (ii.) valves opened 
and closed by hand, as in all stop and sluice valves for steam or 
water. 

(139) Indiarubber Disc Valve. — ^Examples of this valve are 
shown in Figs. 169 and 170. An indiarubber disc, I.D., covers a 
gunmetal grating, G, the holes in which are arranged as shown 
in the left-hand half of the plan (Fig. 169), and is restricted in 
movement by a circular dished gunmetal guard, Y.G., also pro- 
vided with holes for lightness and to prevent the imprisonment 
of air or water between rubber and guard, shown above the 
rubber in section, and shown in plan in the right-hand half of 
the plan. Suppose this valve is fitted as the foot valve of a feed 
pump, then when the plunger moves upward the water passes 
through the grating from below, lifts the indiarubber, and enters 
the pump chamber ; on the downward stroke of the plunger the 
indiarubber is forced down over the grating so that the water 
cannot return, and it is, therefore, pumped out through the 



delivery valve. la this vaj the valve acta easily and effidently, 
and it is largely noed in condeosers and in tiir pumps of large 
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■iw (see S 208). It la generally neceasary to design such » 
valve to Lave a certain area of waterway, and this ia accom^ 
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plished with sufficient exactness by allowing for the area of 
the division bars and the bolt boss, the effective area is about 
0*4 to 0*6 of the area supposing the bars and centre boss not to 
exist. The division bars are generally from A-" to J" thick, and 
are only necessary to support the rubber. Notice that the bars 
and boss in the grating should slightly taper to allow of drawing 
the pattern before casting, also that the thickness of the nut may 
be less than the ordinary standard. The diameter of the guara 
is about 0*7 to 0*8 the diameter of the rubber. Another con- 
struction of the valve is shown in Fig. 170, where the guard is 
flat, and fixed to the grating by a stud, the plain part being 
larger in diameter than the screwed part. 

(140) Lift Valves. — Ordinary lift valves (Figs. 171a and h) are 
often used in pump valve boxes in place of rubber disc ralvea. 
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Fig. 171a. 



Fig. 1716. 



They consist of discs of metal fitting over circular holes, the 
meeting surface or "seat" of the valve being turned slightly 
conical at an angle of 45"*. These valves rise and fall with the 
strokes of the plunger exactly as the rubber disc valve of the last 
example, their movement being regulated by projections, which 
act as stops against the bosses on the top of the valves. It is 
necessary to fix guides to the valves to keep them over the 
seating, the two most common forms being shown in the figures. 
In Fig. 171a the valve is fitted with three ^' guide blades" or 
" tmngs,'' thin ribs of metal turned on their edges to a diameter 
slightly less than the inside diameter of the valve seat. These 
wings are sometimes curved in such a way as that the water 
impinging upon them gives the valve a slight rotary movement, 
and so brings it constantly in contact with different parts of the 
seating. In Fig. 1716 the seating is a separate piece from the 
valve box, and has cast with it a hollow boss held in position by 
a thin central web, the valve being provided with a round rod 
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guided in the boas of the seating. A simple and efficient lift 
valve is obtained by naing a hollow metal buL 

(111) Iiift of Dlso Velves.^By the diameter of the valve is 

understood the diameter of the hole at the seating, let this equal 
d, and let h be the height to which the valve should lift, in order 
to have an equal waterway round the Talve and through tlie 
valve ; then neglecting the valve guides : — 

Waterway round valve = Waterway througli valve. 

.-. h-\d. 

Hence the lift of a valve must not be less than one-quarter of 
its diameter even when without 
guides, with guides its minimum 
lift may be of course less than 
this. As a general rule, the lift 
of stop valves is in excess of this. 
In metallic lift valves, such ae in 
Fig. 171 where the movement 
is rapid, it is very necessary to 
have a small lift, otherwise the 
valve and seating will soon be 
damaged beyond further use by 
the force of the blows. In such 
cases a large valve with small 
lift is fitted. Such rapidly lift- 
ing valves may also have a wider 
Beating than in stop .and sluice 
v^ves lifted by hand, where the 
seating at first fitting does not 
exceed a width of ^". 

(li2) ValT6B Lifted by 
Hand, — These are made wholly 
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of gnnineital, or the coaing and cover is of cast iron. An ordinary 
type of guumetal nteam etop valve is shown in Figs. 172a and b ; 
tie valve V ia in one piece witi the spindle S, is therefore with- 
out guides, and is moved hf the screwed part of the rod working 
in the cover C as a nut^ the rod being kept steam tight hy a 
small staffing boK, S B, a section of which ia shown in Fig. 164 
(sizes in £x. 3, Section xziv.) The division plates, A and B, 
and the plate forming the seatLn|; extend across the casing, and, 
therefore, prevent any passage of fluid except when the valve is 
open. larger sized valves, ^od valves made of cast iron, have a 
flanged cover instead of a screwed cover as in the example. TiM 
flai^ea F F are for bolting in positions to pipes, &o. 

It is not generally advis- 
able to have the valve and 
valve spindle in one piece, 
as in the case of the spindle 
and the seating not being 
at right angles, the valve 
will not bear on all parts of 
the seating. This is entirely 
prevented by having the 
valve loose on the spindle 




Pig. 173. Rg. 174. 

and free to set itself to the seating, although it is then 
necessary to fit the valve with guides. A common arrange- 



meat is shown m Fig. 173. On the top of the valve is cast 
two upright strips, S S, connected by a top plate F, through 
which a hole is drilled slightly larger than the epindle ; the end 
of the spindle is screwed, a round nut or collar, N, is slipped into 
position as shown, and the spindle is screwed into the nut from 
above, a taper pin being then driven through collar and spindle 
to make e^I firm. There should be clearance all round the nut, 
BO that the valve has a slight movement independently of the 
8piudl& 

in valves of above 2' diameter, especially when made of cast 
iron and used for water, the screw is placed outside the casing, 
and is, therefore, not exposed to rust A usiiai design is shown 
in Fig. 174, the cover of the valve being provided with two turned 
uprights or pillars, F F, holding in position a crossbar, B, which 
serves as a nut for the screwed part of the spindle. The sizes 
given in the figure are taken from a 4' diameter cast^iron valve, 
but tlie proportioas for other sizes need present no difficulty. 
The crossoar should be designed in width as a nnt and in depth 
equal to 1^ to li times the diametor of the screw, the length of 
the uprights and their distance apart being arranged to give 
convenient clearance for the Bt-.nffinn box. 

If it ia desired to prevent the holes in the cover for the pillars 
entering the valve chamber, bosses must be cast on the under 
side of the cover beneath where the 
holes will be drilled, or they may be 
cast above the cover, as outside bc^ses, 
thus shortening the necessary length 
of the pillars. In this type of valve 
for rough work, the crossbar and pillar 
is replaced by a cast-iron bracket 
bolted to the cover, and having a gun- 
metal bush to form a nut for the 
screw. 

(143) Talve with Fassagee at 
Bight Angles. — Another typo of 
valve for connection to pipes at right 
angles, as is common for boiler stop 
valves, is shown in Fig. 175. When 
the casing is of cast iron the valve and 
seating are made of gunmetal, the 
seating being a separate fitting usually Fig. 176. 

of the pattern of Fig. 1716, the 

under side of the cover for an inside screw has a gunmetal 
piece sctewed into it to form a nut for the thread on the valve 
spindle. The central chamber should be of such an inside dift- 
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meter as that the waterway around the valve when off the 
seating, is equal to the waterway at the seating — that is, if 
d = diameter of valve and D = diameter inside valve chamber, 

then -|^(D2 -d^)^^cP, or D = JJW= 1-414 rf. 

The following general remarks will assist in designing valves 
of the construction described : — 

The dear waterway throuffh the valve should have an area equal to the 
area of the pipe, therefore when the valve has guides its diameter should 
be greater than the pipe diameter. 

The diameter of inlet and outlet branches equals diameter of pipe. 

The division plates, A B, Fig. 1726, are better sloping at about 45° than 
I)arallel to the valve spindle, and should be arranged to give e<^ual space 
above and below the seating, therefore the centre line of the seatmg should 
coincide with the centre line through the branches. 

The inside diameter of the cover for the pattern of Fig. 172 need only be 
sufficient to admit the valve freely. 

The distance above the seating to the under side of the cover must allow 
of the under side of the valve being at least one quarter its dieimeter above 
the seating when fully open. It is generally in excess of this. 

The diameter of the casing around the seating for the pattern of Fig. 172 
must be such that the distance x in Fig. 1726, multiplied by the mean size 
across the casing inside in a direction at right angles, is equal to the area 
of the pipe. This means that inside diameter at the section through the 
line B H in the figure must equal 1 *41 d + ^ thickness of seating. 

For the pattern of Fig. 1726 it is of advantage to consider the casing as 
symmetrical about the centre lines before the cover part is fixed, as this 
makes it easier to construct the pattern, therefore the top lines should first 
be drawn coincidinff with the bottom lines def, and then the circular part 
for the cover added. The drawing is slightly inaccurate in this respect, 
but the idea is clearly shown in Fig. 172a. 

The flanges should be as close in as convenient to allow for the nuts of 
the fixing bolts not meeting the casing, and should be proportioned exactly 
as in flanged joints. 

Valve spindles should be of wrought iron or mild steel, screwed with a 
square thread. 

The valve is often arranged to have the pressure above it when closed, 
as this assists in keeping the valve tight ; on the other hand, a valve is 
easier to open when the pressure is below it, and the gland is not so likely 
to leak. 

The design of other parts, such as the stuffing boxes, flanges, 
spindle, and size of hand wheel, should present no difficulty. 

(144) Sltiice Valves. — ^These are chiefly used for water, and 
in construction agree with the example of Fig. 176. The valve 
is a hollow cylindrical box, slightly tapered as the plug of a cock 
moving between guides, and for a full waterway it requires to be 
lifted a distance equal to its diameter. For this reason this type 
is not largely used for steam work, although in other respects 
their construction possesses good features. Notice that the 



AKD HANDLES, 



valve moveB up and down the spindle, which aimply tunu round, 
hence the necessity for the collar shown under uie staffing box. 
These valves are ahn made with oatside screws. 




Fig. 176. 



Kg. 177i. 



(145) Handwheels and Handles {Pigs. 177a and 6J, — These 
are generally tightly driven on the square end of the apuidle, but 
may be held on by a nut if necessary. The proportions of 
cast-iron handwheels and wrought-iron handles are given in the 
following table. A wheel of 7J" diameter, having five arms, is 
shown in section in Fig. 174, and in plan in Fig. 177a. Cocks 
are fitted with handles, and valves with handwheels : — 
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(146) Drawings of Valves. — ^In drawing valves of the 
indiarubber diso type (Figs. 169 and 170) it is sufEcient to 
show two views^ a sectional elevation and a plan, one-half of 
the plan to show the grating with the indiarubber removed, and 
the other half the guard.' With stop and sluice valves (Figs. 172, 
175, and 176) it is usual to draw two elevations and a plan^ the 
front elevation and sometimes half the plan being in section. 
The order of drawing a valve of the type of Fig. 172 should be 
as follows, the proportions being first decided : — 

1. Draw centre lines of all views. 

2. Draw seating in front elevation, to be bisected both by the 
centre line of the valve, spindle, and the centre line of the inlet 
and outlet branches. 

3. Draw valve and spindle in position when closed. 

4. Draw in inside and outside of valve casing on both sides of 
the centre line (this is to ensure a symmetrical section). 

5. Draw in cover and stuffing box, allowing for clearance 
between cover and valve, and for a clearance above the screwed 
part of the spindle equal in length to the valve lift. ^ 

6. Draw division plates, flanges, and complete details. 

EXAMPLES. 

Make working dimensioned drawings of the following 
valves : — 

EX. 3. — Indiarubber disc valve with dished guard (Fig. 169). 
Diameter of rubber, 8f " ; thickness, i" ; depth of grating, 1 J" ; 
diameter inside, 8"; outside, 9i" ; division bars, J" thick at top; 
guard, 6^" diameter outside, li" extreme height; thickness, 
ttt' ^ tV" t screw for guard, 1 diameter. Calculate effective 
area through grating. Full size. 

(Arrange grating with eight division bars in inner circle, and twelve in 
outer circle. Bosb of grating and guard to suit screw, and to give overlap 
for rubber on boss of grating. About V to ^" clearance between top of 
rubber and guard. Ten or twelve holes in guard.) 

EX. 4. — Gunmetal steam stop valve for pipes of 2" diameter 
to pattern of Fig. 172, screwed cover ; valve, f " thick ; spindle, 
f " diameter, valve and spindle in one ; general thickness of metal 
of casing, ^" ; distance outside flanges, 6^". Full size. 

(Spindle enlarged in diameter at screwed ^lart ; length of screw in cover 
forming nut for spindle not less than i" diameter ; nuts on cover andjgland 
to be some standard size ; proportions of stuffing box given in Ex. 3, 
Section xxiv. ) 

EX. 5. — Cast-iron steam stop valve for pipes of 4" diameter 
with outside sci^ws and flanges at right angles (Fig. 175). 
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Gumnetal valve, seating, and gland, wrought-iron spindle, T' 
diameter. Scale 9" =1'. 

(Seating as in Fig. 1716, valve as Fi^. 173, jproportions of arrangements 
for outside screw in Fig. 174, top of valve seating on level with horizontal 
outlet, flanges as close in as convenient for nuts and proportioned same 
as for cast-iron pipes (see §§ 44-46) ; casing thickened around seating — see 
Problem Iv. for method of obtaining points in the intersection of the hori- 
lontal branch with the maiti casing.) 



STEAM ENGINE DESIGN. 

SECTION XXYI. 

INTRODUCTION. 

The object of the following sections is to give an elementary 
knowledge of the principles and practice of steam engine design 
as far as the construction of simple single-cylinder engines of 
ordinary type and of small power. It will be assumed that 
something is known of the uses of the different parts of such 
engines, and how the work of an engine is measured. The limits 
of the book will not permit of anything like a full consideration 
of the conditions which decide the proportions of many of the 
parts, such as connecting-rods and cranks, owing to their requiring 
a somewhat advanced treatment; but as far as possible the reasons 
for the sizes and arrangement adopted will be mode clear, both 
irom the standpoint of the stresses the parts have to stand and 
the practical requirements of construction. No consideration 
will be given to the design of such simple parts as have been 
dealt with in the preceding sections, it being presumed that such 
sections have been worked through, or will be referred to. 

The majority of the illustrations are those of the parts of two 
separate engines, each constructed by eminent engineering firms, 
and each typical of their class. But in some cases additional 
designs are illustrated taken from engines constructed by other 
makers, so that a comparison can be made of the relative advan- 
tages and disadvantages of different arrangements of the same 
parts. 

The questions appended to each section are so arranged that 
when aU the " Examples A," or all the " Examples B," have been 
worked, the student will possess drawings of the leading parts of 
the following engines : — 
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(147) Examples A. — A high-speed vertical engine, having- the 
cylinder inverted above the crank, and suitable for the direct 
driving of pumps or dynamos. The cylinder is supported by two 
turned steel columns in front, and by a cast-iron standard behind, 
which forms part of a framing of box section, containing the crank- 
shaft bearings. The crosshead and guide is of the single slipper 
pattern, working between guides bolted to the back standard. The 
slide valve is of the piston valve type, worked by an ^eccentric 
placed outside the shaft bearing. The crank is made with soUd 
counter-balance weights. Diameter of cylinder* 7^", stroke 5|-", 
revolutions per minute 400, about 35 I.H.P., with a boiler pres- 
sure of 115 lbs. per square inch.*^ The general arrangement of 
the engine is shown in Fig. 178. (See Folding-plate.) 

(148) Examples B. — ^A horizontal engine, having a jet con- 
denser of cast-iron box pattern, the cylinder and condenser being 
bolted to the same bed-plate, and suitable for the ordinary 
driving of machinery.. The cylinder is steam jacketed, and is 
fitted with a main slide valve and an expansion valve, the 
eccentrics for which are fixed inside the crank-shaft bearings. 
The crosshead is attached to double guide blocks, working 
between double fi^uide bars. The piston-rod is extended beyond 
the back cylinder cover, and works the air pump, which is of the 
plunger pattern. Diameter of cylinder 8^^", stroke 12", revolu- 
tions per minute 150, about 25 LH.P., with a boiler pressure of 
105 lbs. per square inch. The general arrangement of the engine 
is shown in Fig. 179. {See Folding-plate.) 

It must, therefore, be understood that all future references to 
Ex. A or Ex. B relate to these two engines. The questions 
forming the examples of each section are worded to show the 
relation of the different parts, as a result of which it will be 
necessary to refer to previous examples or to §§ 147, 148, in order 
to obtain all the necessary particulars. For instance, in working 
Ex. A 2, Section xxvii., the question of Ex. A 1, must be 
referred to in order to see the size of the cylinder to which the 
piston is to be fitted. It is only in this way that the inter- 
dependance of the several parts can be fully kept in mind. 

(149) Order of Design. — The first proceeding in designing 
any complete machine is to decide, at least approximately, the 
chief sizes, form and arrangement of the leading parts. This is 
especially necessary in the case of a steam engine, as a desired 
power can be obtained from quite different proportions of the 
two leading dimensions, the piston diameter and the length of 
the stroke ; and as the sizes of many parts depend so much upon 
the sizes of other parts ; while equally good engines can be con- 

* All Bteam pressures are stated as *' pounds per square inch absolute." 
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structed with quite different forms and arrangements of many of 
the parts. 

It would be too lengthy a matter to describe fully the methods 
adopted in getting out the designs for a steam engine, and not 
altogether a useful one in our case, since we are unable to carry 
our investigations far enough to make our knowledge of the 
methods of much value ; but a brief indication of the usual plan 
of procedure may not be out of place. 

We know that the method of finding the horse-power of an 
engine is as follows : — 

mean effectiye steam pressure on piston x area of piston x length 

■a p ^ of stroke x number of strokes per minnte 

33,000 

or, if p = mean steam pressure on the piston in lbs. per sq. inch. 
d = diameter of the piston in inches. 
8 = length of stroke in feet. 
N = number of revolutions per minute, 



then 



p X d^ X jx 8 X 2N 

tr p ^ 

• spoo 



Hence the designer must settle the steam pressure, the piston 
diameter, stroke, and speed ; and we see that he can obtain the 
same power with many different values of the four factors. The 
boiler pressure at which the engine is to work is first settled, 
the usual pressures being 85 lbs. per square inch for non-con- 
densing, and 60 lbs. per square inch for condensing engine, for 
ordinary small sized engines. 

An indicator diagram is then drawn, satisfying the conditions 
of steam distribution such as will be arranged for in the engine, 
and allowing for the loss in pressure between the boiler and the 
cylinder. From this diagram the mean working steam pressure 
can be found, and thus one factor in the horse-power settled. 
The next step is to decide the relation between the piston 
diameter and its stroke, and the revolutions per minute, and 
then find the diameter or the stroke which, with the other 
factors, will ensure the required power, allowing for the loss of 
work in driving the engine itself if the power stated is effective 
horse-power required. The conditions which help to decide the 
piston diameter, stroke, and speed are as follows : — 

(150) Piston Speed. — This is measured by the number of 
feet passed through by the piston per minute, and is therefore 
equal to the piston stroke multiplied by number of strokes per 
minute, or d x 2N. A high piston speed increases the wear and 
tear of the moving parts, and produces large stresses in the 
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engine framing, hence a low-piston speed is more desirable than 
a high one. The usual piston speeds adopted in practice for the 
class of engines we are considering are 240 to 300 feet per 
minute for ordinar)^ driving, at from 120 to 180 revolutions per 
minute, and 400 to 500 feet per minute for higher speed engines, 
running up to 400 revolutions per minute. 

(151) Relation of Piston Diameter to Stroke. — Owing to 
the advantages of a low-piston speed, engines running at a great 
number of revolutions per minute are generaUy made with a 
shorter stroke compared with their diameter than engines 
running at the ordinary speed. If a high-speed engine has a 
long stroke, then as the length of the crank is equal to half the 
stroke, the speed of the crank pin will be considerable, and will 
thus make the design and easy working of the brasses in the 
crank pin end of the connecting-rod more difficult, while it will 
also entail a larger connecting-rod, and thus increase the length 
of the engine. 

The length of stroke may be limited by such practical con- 
siderations as want of space, as, for example, in marine engines 
for warships, where, owing to the machinery having to be kept 
below the water line, the piston strokes are always small com* 
pared to their diameters. 

An important point in deciding the question is, that increas- 
ing the piston diameter increases the total pressure upon the 
piston, and, therefore, upon all its attached parts, such as the 
piston-rod, guides, blocks, connecting-rod, and crank, and thus 
necessitates their stronger construction ; whereas an increase in 
the stroke only affects the stresses in the crank shaft. 

The relation between the piston diameter and stroke in. 
engines of these types is as follows : — 

Horizontal engines, revolutions per minute from 120 to 180,. 
the stroke varies from one and a-half to twice the piston dia- 
meter, the usual standard being twice. 

Vertical engines, for the same range of speed, the stroke varies, 
from 14^ to 1^ times the piston diameter. 

For higher speeds, up to 400 revolutions per minute, both with, 
horizontcd and vertical cylinders, the stroke is as low as from 1 
to 0*75 times the piston diameter. 

In the engine of Ex. A the ratio is -=-^ = 0*76, and in Ex.. 

Having then decided the steam pressure, the number of revo- 
lutions per minute, and the ratio of the piston diameter to th» 
stroke, uie designer can substitute the values so found in the> 
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formula already given for the horse-power, and thus find the 
piston diameter and stroke, which, with the other conditions, 
will ensure the required power. He is then in a position to 
make detail drawings of the separate parts, proportioning them, 
as we shall see, to withstand the stresses produced by the steam 
pressure upon the piston. 



SECTION XXYII. 

CYLINDERS— PISTONS— SLIDE VALVES 

AND RODS. 

(152) Cylinders. — A steam engine cylinder is made of cast 
iron, and in its simplest form may be described as consisting of 
a cylindrical barrel, having on one side of it the fbur sides of a 
rectangular box, called the " steara cheat " or " valve cheat" from 
which rectangular passages called " ateam paaaagea " lead, one to 
each end of the cylinder. The cylinder when for a vertical 
engine is cast with one end attached, or may be fitted with 
separate covers at both ends, stuffing boxes being provided for 
the passage of the piston-rod. The inside of the barrel is accur- 
ately bored to give a working surface for the piston, and in some 
cases is fitted with a separate " liner" the advantage being that by 
simply providing a new liner an old cylinder is made practically 
equal to a new one, whereas a cylinder without a liner, and too 
thin for further reboring, would need to be completely replaced. 
When a liner is used it may be of harder metal than the cylinder 
casting, and is often made of steel, thereby ensuring a more dur- 
able surface than with ordinary. cast iron. A liner helps to 
make a simpler casting when the cylinder requires to be steam 
jacketed — that is, to be provided with a double casing (except at 
the steam chest), through which a supply of steam may pass 
when the engine is working, as shown in the cylinder of Fig. 181. 
It will be seen from the same figure that the cylinder covers are 
also cast with a double thickness, and having a space between 
for steam jacketing, so that the ends may be kept as hot as the 
sides. Simple engines are not usually steam jacketed, but this 
cylinder is included because of its value in showing the con- 
struction adopted when a liner and steam jackets are fitted. 
The cylinder casting is usually provided with projecting flanges 

17 
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forming the feet by means of which the cylinder is bolted to the 
engine framing ; in vertical engines these are cast on one end, an 
in Fig. 180, and in a horizontal cylinder on the under side of the 
barrel, as in Fig. 181. 

The steam chest is provided with a separate cover, and one or 
both ends are made with stuffing boxes for the passage of the 
slide valve-rod. That part of the steam chest from which the 
steam passages lead to the cylinder is called the ^^port facey^ the 
openings to the passages being ^^ steam ports." Between the two 
steam ports, a third and larger port called the " eochatcst port " 
is provided, through which the exhaust steam from the cylinder 
passes away. The exhaust port opens into the space between 
the barrel and port h/cea which thus forms a convenient outlet 
for the exhaust steam. 

The form of the steam chest and the arrangement of the ports 
depend upon the type of slide valve used. For the simple and 
most common valve, the D valve, the valve chest is rectangular 
and extends the whole length of the barrel, the port face being 
a flat surface. Its size also depends upon whether one or two 
valves are used. The valve chest of Fig. 181 is made for an 
ordinary valve and an expansion valve, and is thus provided 
with stuffing boxes for two rods. When the type of valve 
known as the "piston vcUve" is used, as in Fig. 180, the valve 
chest is of almost circular section, and the steam ports are 
rectangular openings cut in the circular barrel, the passages 
for the initial and exhaust steam being somewhat different from 
that just explained, as will be described later. 

From an inspection of Figs. 180 and 181 it will be evident 
that the sizes and shape of the cylinder depends upon the type 
of slide valve used, upon the distance of the valve centre from 
the centre of the cylinder, and upon the width and shape of the 
piston, so that we cannot completely draw the cylinder until we 
have decided these points. The reasons which decide the kind 
of valve and piston to be used will be discussed fully when 
treating of their design ; for the present we will assume they 
have been decided, and then see how to design the cylinder. In 
practical design the sizes of these dependant parts would be 
decided before proceeding to the details of either. 

It will be seen from the general arrangements of Fig. 178 that 
the distance of the slide-valve centre from the cylinder centre 
depends entirely upon the position of the eccentrics on the crank 
shaft. In this engine (Ex. A) the eccentric is obviously most 
conveniently placed outside the crank shaft bearing, and close 
up to it, hence its distance from the engine centre line cannot be 
fixed until the sizes of the crank pin, crank webs, and crank- 
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shafib bearings have been decided. In the horizontal engine of 
Ex. B there is nothing to prevent the eccentrics being placed aa 
near to the crank as possible, without fouling the guide bars, 
and, as will be seen by looking at the cylinder drawing, Fig. 181, 
this means that the port &ce may be as close in as is possible 
with other necessary proportions of the cylinder. 

(153) Vertical Cylinder with Piston Valve (Ex. A, 'Fig. 
180). — The steam chest extends for the whole length of the cylin- 
<ler, and is provided with loose top and bottom covers, the 
bottom cover having a stuffing box for the valve -rod. The 
cross section inside, as seen in the plan, is rectangular with 
semicircular ends, the steam inlet being at the back, and the 
exhaust outlet at the front. The chest is divided horizontally 
by four plates forming a continuation of the walls of the steam 
passages, each plate having a central hole so that the liner may 
be tightly fitted in place, bearing against the edges of the holes. 
The liner has a small top flange, and contains openings at three 
different heights, which form the steam ports, the object of the 
liner being to allow of these ports being cut more conveniently 
and accurately than would be possible if the liner was cast with 
the cylinder. As seen in plan, there are three openings or ports 
at each height, the upper and lower ones communicating with 
the steam passages, and the centre ones with the space marked 
S S between the two middle division plates. The steam inlet 
leads into this space, so that the steam makes its way into the 
inside of the liner through the central openings, and then passes 
through the upper and lower openings into the top and bottom 
steam passages, as these are uncovered by the piston valve (see 
Fig. 185\ The space marked S S thus serves as a steam reser- 
voir. 

The exhaust steam passes out from the cylinder through the 
same openings, but above and below the valve, and then escapes 
through the front passage marked E S P, to the exhaust pipe. 
This passage extends the whole length of the steam chest, and, 
therefore, the elevation of the outside of the chest is of oblong 
outline, and similarly for the side elevation, a web of metal being 
cast on the back of the chest (marked w) and connecting the top 
and bottom ends. The shape of these ends is shown in plan by 
the outline marked a, b, c, d, e,/y which may also be taken to 
represent the plan of the top of the cylinder casting with the 
covers removed, the plan of the bottom end being similar. The 
covers for the valve chest cover the circular openings in the top 
and bottom thickness of metal, and in outline are oblong with 
semicircular ends, as shown by the plan of the valve chest ; the 
flange of the top cylinder cover is cut away next the valve chesty 
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to give room for the valve chest cover. It will be seen that the 
distance of the ports from the cylinder requires long steam pas- 
sages, and, therefore, a considerable addition to the clearance, 
but this could only be avoided by using a large diameter of 
valve, which would necessitate a larger valve chest, or by arrang- 
ing the valve and eccentric-rods, so that they are not in the 
same vertical line. 

The lower flange of the cylinder is for bolting to the top of 
the engine standard. 

(154) Horizontal Cylinder, with Expansion Valve (Ex. 
B, Fig. 181). — As already pointed out, this cylinder is fitted 
with a liner, and is provided with steam jackets, the steam 
from the cylinder jacket passing to the cover jackets through 
an opening not shown in the drawing. The piston-rod passes 
through both covers, in order to drive the air pump, the 
front stuffing box being prolonged and extended in order to 
provide lugs or projections to which the engine guide bars may 
be bolted. The port face is brought as near the cylinder centre 
as possible, allowing for the liner, jacket space, steam passages, 
and walls, and, as shown in the elevation and plan, has a project- 
ing flat fb.ce, which can be readily machined to provide a good 
working surface for the valve. The expansion valve-rod passes 
through the back of the chest, and its stufQ.ng box is a separate 
casting, having a flange bolted to the chest, which also forms a 
support for the expansion gear (Fig. 186). The top and bottom 
flanges of the chest are outside^ and the two end flanges inside, 
thus giving a smaller cover, the inside ribs on the coyer serving 
both to strengthen it and to prevent the expansion valve from 
moving from its seat. 

A projection is cast above the valve chest, to which is bolted 
the steam and exhaust pipes. The steam enters the chest 
through the inlet, and msJses its escape as exhaust through the 
exhaust port into the space marked £ P, and thence to the 
exhaust pipe. The cylinder is bolted to the bed plate by the 
flanges F F, which extend for the whole length of the cylinder 
along each side. By looking at the general arrangement (Fig. 
179) it will be seen that the distance from the cylinder centre to 
the bottom of the flanges may be as small as possible, consistent 
with the necessary clearance between the covers and the bed 
plate. The height of the cylinder centre above the bed plate 
should always be as small as possible, as the bed is recessed to 
give clearance for the crank pin. 

(155) Length of Cylinder. — The length of the cylinder 
inside from cover to cover is evidently decided by the length of 
the piston stroke, the width of the piston, and the clearance 
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between the piston and covers when at the end of the stroke. 
But as the covers are always let into the cylinder for a short 
distance, as shown in Figs. 180 and 181, the total length of 
cylinder from face to face, outside, and without covers, is equal 
to— 

(Stroke of piston) + (width of piston) + (clearance x 2) + (distance 
the covers are let into cylinder x 2). 

If the cylinder has only one loose cover, as in Fig. 180, the 
length will be less by the distance for one cover. 

(156) Clearance. — ^This is made as small as possible consistent 
with safety, as all clearance means a waste of steam. It should 
not be less than }'', and for small sized engines is usually ^" 
or i". For vertical engines the clearance is greater at the 
bottom, and should be greater for high than for low speeds. 

(157; Size of Steam Ports. — The amount of steam which 
can enter the cylinder depends upon the size of the steam port, 
and as the steam required depends upon the piston speed, it is 
evident that the port areas must bear some relation to this speed. 
It is usual to proportion the ports so that the velocity at which 
the exhaust steam must pass through them in order to escape 
freely in front of the piston is not greater than 100 feet per 
second, but when convenient it is better to make the ports large 
so that the velocity need not exceed 80 or 90 feet per second, 
the former being a usual practice. Hence, if we know the piston 
speed and diameter, we can determine the port area^ for we 
have — 

{ Volume swept through by piston per second 
Velocity of steam per second 
That is- 
Area of piston in square inches x piston speed in 
inches per second 
Velocity of steam in inches per second 

These proportions give ample size for the steam to get into the 
cylinder, since its pressure is then greater than at exhaust, 
although, as will be seen later, the whole of the port is not 
uncovered for the admission. 

The larger the port in a direction at right angles to the move- 
ment of the valve, the larger the area uncovered for the same 
movement, therefore the aim is to get the ports as long and as 
narrow as possible. Practical experience has adopted a port 
length varying from 0*5 to 0*75 of the cylinder diameter, the 
most common length being O'^dg, Hence the width of the port 
can be found by dividing the port area by the port length, taking 
dimensions for the length to the nearest ^", and for the width to 
the nearest ^". 
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(158) Exhaust Fort and Bars. — The conditions which fix 
the width of the exhaust port and of the division bars between 
the ports are, that a wide port and bars give more room for the 
exhaust passage, and shorten the two steam passages, thus 
diminishing the clearance, but require a larger slide valve, thus 
increasing the friction between the valve and port face, and 
thereby the work done in moving the valve, and also the size of 
the eccentric and valve rods. The width of the exhaufirti port 
must not be less than will give a width of opening to the exhaust 
passage of not less than the steam port width when fully open to 
exhaust, "^ and in small engines is usually made equal to twice 
the steam port width, the width of the bars being equal to the 
steam port width. It is necessary for the bars to be at least ^" 
to y\" wider than the thickness of the walls of the steam passages, 
in order to afford a convenient edge for working the ports true 
— this will be seen in the ports of Fig. 181 — and it should be 
noticed that the same thing occurs at the other edges of the 
steam ports, so that the steam passages are always wider by 
some ^^' than the ports. 

In order to diminish clearance the steam passages are made to 
«nter the cylinder as near the ends as possible, and the covers 
are let in so as to just reach the edge of the passages. This is 
seen in both the examples, while in Eig. 180 it is shown how 
the bottom and top covers are scooped out at the steam passages 
in order to obtain a better opening when the piston is at the 
end of its stroke. All comers and bends in steam passages 
should be well rounded, in order to reduce resistance to the fiow 
of the steam. 

(159) Steam and Exhaust Pipes. — The diameters of the 
openings for the steam and exhaust pipes are also determined by 
the consideration that the size must be sufficient to allow free 
passage of the steam without requiring too high a velocity. A 
small steam pipe means loss of pressure, and a small exhaust 
pipe a slow exhaust. If the steam pipe is so arranged that the 
velocity shall not exceed 100 feet per second, there should be no 
loss of pressure, but practical results show that larger inlets and 
outlets are preferred. The steam and exhaust pipes have always 
a greater area than the steam and exhaust ports, so that the 
velocity does not exceed 90 feet per second for steam, and 70 feet 
per second for exhaust. Average values are 70 feet for steam 
pipes, and 50 feet for exhaust pipes, on such engines as we are 
<x)nsi(lering. The area of the pipes are found exactly as the 

* It will be of great assistance to read §§ 171 to 178 on the design of slide 
valves before commencing to design the exhaust ports, as the reason for 
this is there explained. 
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steam ports, and firom the areas the diameters can be obtained^ 
Diameter of pipes dimensioned to nearest ^". 

(160) ThioknesB of Metal. — It has already been pointed out- 
that the thickness of metal in castings is considerably in excess 
of what is required for strength, owing to the need for uniformity 
in cooling and for soundness in casting. Thisis true for cylinders, 
and as a result the thickness of small cylinders always seems 
excessive, the minimum practical thickness being ^" or ^". 
When a liner is not fitted, the barrel should have an excess in 
thickness to allow for reboring, and also the port face to allow 
for re&cing. The thickness of the covers depends upon their 
shape, and whether they are provided with strengthening ribs, 
as in the steam chest cover of Fig. 181, or with projecting bosses 
or flanges for stuffing boxes ; a simple flat plate being a weak 
section, and one to be avoided. 

For cylinders up to 10" diameter, the thickness of the barrel 
should be from ^" to i", without liners. With liners the thick- 



ness may be less by f (to a minimum of i'^), the liner being 

I" to ^'^ thick. The thickness of the walls of tl 

and 01 the valve chest sides may be from ^" to i" less, thus 



being ^" to -^^ thick. The flanges for the covers should be 
treated in the same way as already shown in §§ 44, 47, the 
flange thickness being equal to H to If times the thickness 
of the barrel-cylinder, ana steam chest covers should be fitted 
with studs, which should be arranged, if possible, so as not to- 
enter the steam ports. 

(161) Stuffing Boxes. — ^These should be designed according 
to the directions and rules of Section xxiv. Notice that the 
thickness of the metal of the stuffing box need not be as great 
as the cylinder walls, it may be equal to the thickness of the 
cylinder walls, less the amount allowed for reboring. The flange 
thickness should be sufficient to give enough length for the 
screwed part of the gland studs. 

(162) Boring of Cylinders, Lagging, Drain Cooks, In. 
dioator Bosses. — The cylinder barrel must be bored slightly 
larger (^ to ^") than the piston diameter at each end, and 
for such a distance that the piston and the nearest edge of the^ 
piston ring (but not the whole of the width of the ring, or it will 
fly out of the piston) shall overlap the smaller diameter length when 
at the stroke end. This is clearly shown in Fig. 181, the reason 
being to assist in getting the piston and rings into place, and to 
prevent a bturr being formed by the wear of flie cylinder walls. 

For the same reason the port &ce must be of such a length 
that the slide valve shall overlap it when at the end of ita» 
stroke (see § 173). 
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It will be noticed that the cylinder and slide chest cover of 
Fig. 181 have projections outside the flanges. These are simply 
to provide a convenient means of fixing the lagging with which 
cylinders should always be covered. 

Arrangements must be made for draining the cylinder (in a 
horizontal engine from each end) and for providing for the lubri- 
cation of the piston and valves by an oil supply to the steam 
chests. This simply means that a boss must be provided in the 
position of the drain cocks and lubricators. ' Engine makers are 
now making provision for the fitting of indicators on the 
cylinders. This is done by casting bosses, one at each end, so 
that the holes for the indicator cocks lead into the clearance 
space between the piston and cylinder cover when at the end of 
the stroke. These are shown in Fig. 180. Indicator cocks are 
screwed to gas thread, and the height of the boss should extend 
beyond the lagging. 

(163) Facings for Machining. — In designing any casting, 
such as a cylinder, condenser, crosshead, bed plate, (fee, care 
must be taken that all parts which require machining shall pro- 
ject by some J" to J" beyond the metal surrounding them. This 
applies to all cases of covers, flanges, bosses, &c,, examples of 
which will be seen in the condenser of Fig. 197. All covers 
should be let into the parts they cover, as this prevents side 
movement independently of the studs. There are other, appar- 
ently small, but really important matters, such as these which 
need attention but which are too numerous for mention here. 
Jt should be the aim of the student to carefiilly understand the 
reasons for the form and position of every part he draws, how- 
ever apparently unimportant, and if doing so he is able to 
produce a better design, then he should not be tied to the exact 
details of any copy. 

(164) Order of Drawing. — The following will be a con- 
venient order to follow in designing and drawing a cylinder, 
having reference to such a drawing as Fig. 180, A : — 

(1) Centre lines of piston and valve-rods, and centre lines 
through middle of ports and cylinder (marked ab, cd, and e/ 
respectively) ; (2) lines showing diameter of cylinder and dia- 
meter outside liner in valve chest ; (3) draw outline of piston at 
top of stroke, with piston-rod, nut, and washer (distance from 
centre line to middle of width of piston rim = J stroke); 
(4) allow for clearance and draw outline of inside of cover, and 
then outside of cover knowing thickness; (5) draw outline of 
piston at bottom of stroke and do the same for the bottom end 
of the cylinder ; (6) set off* port openings at the liner and draw 
in steam passages, allowing piston to overlap passage the given 
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distance ; (7) draw in outer wall of steam chest and the division 
plates ; (8) draw in liner in both elevation and plan^ and show 
ports (length of liner to allow of valve overlapping at limits of 
stroke) ; (9) complete top cover of cylinder, and top and bottom 
covers of steam chest ; (10) complete bottom end of cylinder and 
stufGjig box; (11) finish details. It is very convenient to show 
the piston and slide valve at least in correct outline in the 
cylinder drawing— this should be done before the drawing is 
inked in. 

EXAMPLES. 

EX. A 1. — Make working drawings, fully dimensioned, show- 
ing sectional plan and front elevation, end elevation and plan 
not in section, to scale of half full size of the vertical cylinder of 
Fig. 180. Diameter 7^\ stroke 5f", piston rim l^" wide, rod IT 
diameter, 1^" hex. nut, with washer and keep pin ; slope of 
under side of piston and inside of bottom end of cylinder 60**, 
with centre line of rod ; top clearance ■^", bottom i", top cover 
let in y. Centre of cylinder to centre of valve 9 J , valve liner 
4", outside diameter ^ thick, 6|" long ; upper and lower ports |-" 
wide, and to have an area for a piston speed of 400 feet per 
minute, and a steam velocity of 85 feet per second ; centre port 
of same length but 1|-" wide, bars between ports in liner |-" ; steam 
passages to cylinder f " wide, thickness of division plates in steam 
chest 1^". Steam pipe diameter for a steam velocity of 85 feet per 
second, exhaust pipe for 75 feet velocity. Valve-rod y diameter at 
stuffing box, least thickness of top cover ^", of bottom cover 1^"* 
Metal of cylinder walls ^", of steam passage walls /^j-", of valve 
chest and cylinder cover J", of bottom end of cylinder 4" to |-", 
of stuffing box ^", flanges of cylinder 1", flange of cylinder 
cover I", diameter of bottom flange 12 J", flanges for steam and 
exhaust f ', other sizes as shown. Show piston and valve-rod 
glands. (Details of piston from Ex. A 2, p. 273.) 

(Notice that cylinder at top and bottom, near steam passages, including top 
cover, is scooped out to allow the steam free entry into the clearance space. 
Size marked A in plan must be equal to sum of length of ports, in order 
that area of passage may e^ual area of port. Clearance between piston 
aud cylinder ends to be in direction of motion, not perpendicular to face of 
piston; clearance around piston not to be less than shown in figure. Cylin- 
der cover need not fit cylinder for whole of distance it is let in. Covers of 
cylinder and valve chest are shown bedding on two faces, when this is done 
the joint is really made at the inner face, but the usual construction of Fig. 
181 may be adopted. Holes for covers of valve chest to be of slightly larger 
diameter than largest diameter of liner, the holes are circular, but the 
flanges on the covers are oblong, with semicircular ends, the studs for 
fixing to chest just missing the centre line, and, therefore, not seen in the 
sectional elevation. Cylinder walls to be thickened for length slightly 
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greater than part turned of larger diameter at two ends. Owing to piston- 
rod and crosshead being in one piece, the least diameter of staffing box, 
without bush, must not be less than 2", the largest diameter of the piston- 
rod and the gland and back bush must be split, the gland being held to- 
gether by a steel washer.) 

EX. B 1. — Make working dimensioned drawings showing 
three views, scale, half full size, of a horizontal steam-jacketed 
cylinder, as in Fig. 180. Diameter, 8i" ; stroke, 12" ; height of 
centre above bed plate, 8" ; piston, 2f' wide ; rod, Ij^" diameter, 
increasing to H" at screwed part ; hexagonal nut with washer, 
clearance each end, ^" ; covers let in ly^ each end ; liner, |" 
thick, increased to f " for length of 2^" at each end, where fitted 
to cylinder ; jacket space, f " ; walls of steam passage, J". Centre 
of cylinder to port face, 7|^ ' ; to centre of main slide valve, 8|-|"; 
to outside of steam-chest flange, 13|- ; centres of valve-rods, 2^" 
apart ; rods, f" diameter. Steam chest — outside, 17 J" long, SV' 
wide. Thickness of cylinder flanges, |^" ; outside diameter at ends 
of cylinder, 13|^" ; diameter of projecting flange for lagging, 15^; 
metal of cylinder covers, f" thick ; of steam chest cover, |^" ; of 
sides of steam chest, -^'^ Steam ports to have an area for a piston 
speed of 300 feet per minute, and a steam velocity of 90 feet per 
second ; steam pipe area for a velocity of 50 feet per second, ex- 
haust pipe for 30 feet velocity ; from centre of cylinder (in plan) 
to centre of steam irJet, 7^^" ; to centre of exhaust outlet, 6 J" ; 
steam-inlet centre, 5 J-" from centre line through ports ; exhaust- 
outlet centre, 1^". Bosses for cylinder drains, If" diameter. 
Other sizes as in Fig. 181. Details of piston, Fig. 182, 6, and Ex. 
B 2, p. 273. 

(Notice from the plan, that in order to obtain a sufficiently large exhaust 
passage, E P, it is necessary to lessen the steam jacket space at that part; 
it would be better if the steam passages could be less curved than shown . 
around the exhaust passage ; the steam passages are to lead into cylinder, 
close up to covers. Stuffing box in front cover much longer than usual, in 
consequence of lugs for guide bars, design boxes for valve-rods of usual 
depth. Outside ribs on steam chest cover are convenient to fix a plate 
across, the inside space being filled with non-conducting material. Total 
length of port face not to exceed 6f'^ in order that valve may overlap at 
ends of stroke. The feet for bolting down to bed plate are connected across 
the cylinder ends by a web ^ thick, the bracket marked B being cast a t 
each end, having a l)ottom flange about 3f' wide, not bolted down, for extra 
supports.) 

(165) Pistons. — The chief points to be secured in a steam 
engine piston are that it shall be as light as possible consistent 
with rigidity in order to reduce its inertia, that it shall occupy 
a small space, not taking up too much of the length of the 
cylinder, and that it shall be steam-tight against the cylinder 
walls without exerting too great a pressure, in order to prevent 
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the leakage of steam past the piston, and to reduce the fiictional 
resistance to movement to a minimum. 

(166) Piston Rings. — Pistons are made steam-tight by insert- 
ing spring rings, made of cast iron, steel, or hard bronze, into 
grooves turned in the piston rims, the rings being made to a 
diameter slightly larger than the cylinder, so that when sprung 
into position they shall exert a pressure against the cylinder 
walls. The theory of piston rings is that they can be made of 
such an uneq^ual thickness, or if of equal thickness they can be 
bent to such a curve (which is not an exact circle) so that when 
in position they shall exert an equal radial pressure, the magni- 
tude of which per square inch depends upon the amount of the 
inequality in thickness, or upon the form and size of the curve 
to which the ring is bent. The width of the ring in the direction 
of the cylinder length does not affect the radial pressure per 
square inch, hence there is no reason why a wide ring should be 
better than a narrow one if the rubbing surface is a good one. 
It has been found that a radial pressure of 3^ to 4 lbs per square 
inch is sufficient to ensure a tight piston against a steam pressure 
of 100 lbs. per square inch. A wide ring exerts a greater total 
pressure against the cylinder than a narrow one, and, therefore, 
increases the frictional resistance to movement ; but it gives more 
guiding surface than a narrow ring, and may possibly be preferred 
for that reason. Two rings are better than one, as the joints of 
•each can then be arranged at different positions of the piston ; in 
iiuch cases the rings must be prevented from turning round. The 
piston is often turned slightly less in diameter than the cylinder 

("nr ' ^ i") ^^ ^^^^ ^^7 ^^ rings rub against the walls. 

Practical customs differ very widely in the width of rings to 
be used ; some makers always fit narrow rings, others wide ones. 
The weU-known and commonly used Ramsbottom rings have a 
width of about -^jj the piston diameter, the least width being |-", 
whereas cast-iron single rings may have a width of -^ the piston 
diameter. It is well to remember that a wide ring usually means 
a wide piston, for we simply proportion the piston rim to surround 
.and support the rings. A very important point is that the ring 
must not lap over the steam passage when at the end of its stroke 
for its whole width, otherwise it may spring out and ca^tch the 
edge of the metal, nor must the ring come wholly into that part 
<of the cylinder end which is turned of larger diameter. There 
are a large number of useftd patent piston rings and springs in 
use, but chiefly in cylinders of large diameter. 

(167) Forms of Pistons. — Three different forms of pistons 
Jire shown in Fig. 182, a and 6, and in the cylinder of Fig. 180. 
*The piston of Fig. 182, 6, is known as the " box pattern," and is 
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made <^ cast iroa with one loose plate F, the more common 
custom being to cast the piBtoo in one piece, leavisg holes in the 
front and back plates for removing the core used in casting, 
which are i^erwarde plugged np. There are two bronze rings 
placed in contact, the ends being cut diagonally, as shown, wMx- 
■out lapping, and an inner steel ring equal in width to the two 
bronze rings. The pistons of Figs. 180 and 182, o, are distinguished 
as "single thicknesp pistons," and are made of cast steel, their 
-advant^o being that they are mnch stronger for the same weight 
than the box pattern, and are more easily cast. Their disadvan- 
tage is that at least one cylinder cover must agree in shape with 
t-he section of the piston when aa in Fig. 182, a, and both covers 

(a) <« 



Fig. 182. 

when as in Fig. 180, in order to avoid a large clearance space. 
This is clearly seen in Fig. 180, where the piston is shown at the 
«nd of its stroke, the top cover and the bottom end of the cylinder 
having the shape of the corresponding face of the piston. This 
piston is known as the "conical" or " dished " type, the reason 
for sach a section being that it gives the same strength for a less 
thickness of metal than when made as a fiat plate as in Fig. 1 82, a, 
while another advante^ is that it gives a greater length from 
the shaft centre to the oylinder gland, for the same length of 
standard. All the beat designed pistons of large diameter are 
now made of this pattern. "Eia/iti of the pistons in Figs. 180 and 
182, a, has two steel rings; those in the former are in contact, 
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each being ^" x ^", while in the latter the rings are ^■^" wide x 
A-" thick, placed in grooves •^" apart. The bronze rings of 
Fig. 182, ft, are f'wide x ^" thick, and the inner steel rings 1^'' 
wide X J^" thick. Narrow rings should be half side lapped where 
the ends meet as shown in Fig. 182, a. The proportions of the 
centre boss are decided by the piston-rod. 

(168) Piston-Rods. — Piston-rods are alternately subject to 
tensile and compressive stresses, and should be designed so that 
the smallest section, such as at the bottom of the thread, or 
through the cotter way when so fixed to the crosshead, is safely 
able to stand a tensile and compressive stress, caused not only by 
the steam pressure upon the piston, but also by the inertia of the 
moving parts connected to the rod, as the latter are too large, 
especially in high-speed engines, to be neglected. But owing to 
the length of the rod, it ought also to be designed as a strut, in 
order to prevent the possibility of buckling. Such considerations 
are, however, beyond the limits of this book. For such engines 
as we are dealing with, these effects will be sufficiently allowed 
for if the rod is made of such a diameter at the smallest part, as 
that the stress produced by the maximum steam pressure alone, 
does not exceed 3,500 lbs. per square inch. 

(169) Fixing Piston to Bod. — The usual method of fixhig 
the piston-rod to the piston is by enlarging its end, and then 
turning it taper for a length, equal to the length of the boss, 
leaving a screwed part beyond, for a nut, which, being screwed 
home, holds the piston tightly in its place. The three pistons 
illustrated are fixed in this way, and great care must be taken 
to fix the nut so that it cannot work loose ; the most common 
method being to drive a taper-split pin through the nut and rod 
(see Fig. 182). When the taper part is long compared with the 
diameter — say, \^dto2d^ Bsm. Fig. 183 — the total tamper may be 
from 1 in 5 to 1 in 9, but when the taper part is less than this, 
as in Fig. 180, the total taper may be as much as 1 in 1^. The 
thickness of the nut is often made slightly greater than the ordi- 
nary standard, and is screwed up against a washer from ^" to ^'^ 
thick. 

The design of the crosshead end of the rod will be considered 
in the section on crossheads. 

(170) Drawing of Pistons. — In making working drawings of pistons, it 
is convenient to show two views, one looking on the piston &ce to which 
the nut is screwed ; the other, as in Fig. 182, the greater half of the view 
being in section. The piston-rod, for a short length, and its manner of 
fixing to the piston should be shown. Notice that the thread must extend 
for a short distance within the piston, so that the nut may not reach the 
end of the thread before the rod is screwed tightly home. It is well to 
notice that the position of the spring rings must be settled before complet- 
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ing the eylinder drawing, otherwise it is not poiuble to dedde what length 
of nrllnder miut be bored, of larger iliainet«r at each end, go that only part 
of the ring may overlap. There must be olearance between the bottom of 
the riogs and the groove* in which they are placed. 

EXAMPLES. 

EX. A 2. — Make working drawings of a steel-dished piston 
for the cylinder of Fig. 180. Full size. Rod, 1^" diameter, 
screwed part, 1 J" ; taper, 1 in 1 J^ ; thickness of piston at boss, 1", 
tapering from ^-g" to ^" at rim ; rim, 1|" wide ; thickness, ^" 
to 4"; two spring rings, y\" x /j"; nearest edge of rings, }" 
within edge of rim. Bottom fece of piston at 60° to centre line 
of rod. Other dimensions aa in Fig. 160. 

EX. B 2. — Make working drawings of a cast-iron box piston 
with one loose cover, as in Fig. 182, b, for the cylinder of Fig. 180. 
Full size. Bod, 1^" diameter, passing through back and front 
of cylinder ; screwed part, IJ" diameter j taper, 1 in 9. Width 
of piston, 2^" ; l^okness of plates, ji". Two bronze spring rings, 
f" wide, ^" thick ; one inner steel ring 1^" wide, -fg" thick. 

(Notice the small projection on the piaton bass, and the corresponding 
groove in the plate, also the projection on the plate to form a face for the 
nut, and the recess in the inner face of the plats to save tumtog. ) 

(171) Slide Valves. — The most common form of slide valre 
which, owing to its cross section resembling the letter D, is 
known as the D-slide valve, is shown in Fig. 183, a cross-section 




Fig. 1S3. 

of the valve through the centre being shown in the separate 
figure on the right-hand side, the width inside the valve in this 
section being equal to the length of the pori;s. The valve is 
shown in position at mid-stroke, and it will be seen that when 
it is moved either to the right band or to the left, steam will 

IS 
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enter one of the ports, S P, from the space outside the valve, 
while the exhaust steam from the cylinder will pass out of the 
other port into the inside of the valve, and then into the exhaust 
passage, E P. The round boss on the two ends of the valve 
extends through the valve, and surrounds the valve-rod, which 
is &xed by lock nuts as shown. The hole through these bosses 
should be elongated, as seen in the cross-section, in order to 
allow of a little play between the valve and the nuts on the rods, 
so that the valve may be kept hard against the port face by the 
steam pressure upon its back. The flat spring, S, fixed by a 
square -ended set screw and working against the steam chest 
cover, S C, also serves to keep the valve in place. The sizes 
given are for a horizontal cylinder 4" diameter, 6" stroke. 

(172) Proportions of Valves, Lap, and Lead.— The methods 
by which the right proportions of a slide valve and its attached 
parts are obtained, in order to ensure a required distribution of 
the steam, cannot be explained here, as the limits of the book 
will not permit of an explanation of the principle and use of 
valve diagrams, without which such problems are not capable of 
graphical solution. Students who possess sufficient knowledge 
of the working of slide valves will find the question of valve 
diagrams very fully treated in Professor Unwinds Machine Design^ 
Part II. 

In such engines as we are considering, steam is usually cut off 
for expansion at five-eighths of the stroke, and for compression 
at from nine-tenths for low speeds, to four-fifths for high speed, 
the release to exhaust being not earlier than nine-tenths the 
stroke, the valves having a lead of y to ^", Vertical engines 
should have a greater bottom than top lead. For a valve to 
give these results, it must have both steam and exhaust lap- 
that is, when the valve is in mid-stroke, it must overlap the 
steam port on both sides, and the eccentric sheaves must be so 
fixed upon the crank shaft as to give an opening of the port to 
steam, equal to the given lead, when the piston is at the end of 
its stroke. The valve of Fig. 183 has only a steam lap, equal to 
the amount marked I. 

(173) Travel of Valve and Width of Exhaust Port.— It 
will be seen from Fig. 183, that before the left-hand port can be 
fully open to steam, the valve must move to the right, a distance 
equal to the width of the steam port + amount of steam lap ; 
and, also, that before the right-hand port can be similarly open, 
the valve must move a like distance to the left of its mid-posi- 
tion. Hence the " travd " or " stroke " of the valve during one 
stroke of the piston is as follows : — 

Travel of valve = 2 (width of gteam port + steam lap). 
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When the steam port is not fully uncovered for the admission 
of steam, this becomes — 

Travel of valve = 2 (width of port opening to steam + steam lap). 

"We see from this that the length of port facing beyond the 
outer edge of the steam port for valves, as in Fig. 183, must be 
less than (width of steam port + steam lap), in order that the 
edge of the valve may overlap the facing when at end of stroke. 
When the valve is in its extreme right- or left-hand position, 
the exhaust port must be uncovered for a width at least equal to 
the steam port width. In order that this may be for the valve 
of Fig. 183, with no inside or exhaust lap, it is evident that — 

Width of exhaust port = width of steam port + steam lap. 

When the valve has exhaust lap, then the least width of the 
exhaust port must be — 

Width of exhaust port = width of steam port + steam lap + exhaust lap. 

It has already been pointed out that the exhaust port width is 
usually in excess of this amount. 

(174) Pressure on Valves. — It is evident that valves of 
the type of Fig. 183, having faces in contact with the port face, 
and exposed to the steam pressure within the valve chest, must 
ofiTer considerable resistance to movement -caused by the friction 
between the faces in contact. This frictional resistance is indeed 
the only force which acts against the movement of the valve 
(neglecting the friction of the stuffing boxes), and, therefore, 
produces a stress in the valve-rod, eccentric-rod, and eccentrics. 
Some experiments made by Mr. J. A. F. Aspinall, M. Inst. O.E. 
{Inst, of CB. Proceedings, voL xcv.), showed that the coefficient of 
frictioD between the valve and port faces for locomotive slide 
valves varied from 0*05 to 0*068, but that even with so low a 
coefficient, the work done in driving the valves was as much as 
2-4 H.P. per valve, or 1*13 per cent, of the total I.H.P. of the 
engine. In designing the valve-rod and connected parts, it is 
better to take a value for the coefficient of friction, " fi" not less 
than 0*2 or 0*25, in order to allow for the extra force required 
to start the valves, and for the friction of the stuffing box. In 
finding the total pressure producing friction, allowance must be 
made for the fact that some parts of the valves may be subject 
to pressure acting away from the port face, such as when a steam 
port is partly or wholly covered by the valve ; it is usual to con- 
sider that one steam port and the exhaust port is covered, and, 
therefore, if P be the total pressure producing friction, A the 
area of the back of ^he valve, p the initial steam pressure, p•^^ the 
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the QxhauKt steam pressure, a the steam port area, uid a^ vbe 
exhausli port area, then : — 

P = p (A-o)-j>,a,. 

In a non-oondensing engine where p is tolcen above the atmo- 
sphere, then the value of p,Oj is neglected, and the P"p{A-<»). 
Also, if F be the Motional resistance to movemetit, to be over- 
come by the eccentric and rods, and ft. the coefficient of friction, 
then F = .» P = /<.p (A -a). 

(175) Piston ValTe, — The chief object in using a piston valve 
as in Ex. A, in preference to the ordinary flat D valve, is that no 
parte of it in contact with the port face are pressed upon by the 



fig. 1S4. 
steiun, and, therefore, the above resistance to movement is almost 
entirely avoided. As will be seen from Fig. 184 the valve is a 
simple cylindrical casting, the centre part of which is turned to 
a smaller diameter than the ends. The valve is shown in the 



Fig. 185.— Indbx to Fabto, 
(a.)— Seotiouol Elevation of Valves; left-hand half of main valve, MV, is a 
Bection throngh centce line, and the right-liand bsU a tecdon 
tbrongh the luie « t. 
(&.}— Flan of Top Face of Main Talve. 
(&) — Crow Section of Valve through centre line, xy. 

(d.) — Front Elevation and PIbd of EzptuiBion Valves, EV, with nut for 
screwed part of rod. 
K.V. for Expansion valve. &, for Boeeea for surronnding 

N. „ EzponaioQ valve nnts. valve-rod. 

U.V. „ Mam valve. «.{. „ Steam lap. 

p, „ Passages throngh main t.l. „ Exhaust Up, 

valve for steui. Q.R. „ Qnide-rod for main slide 

c.a. „ Exhanat iteam spoee in valve. 

main value. E.O.It. „ Guide-rod for eiponiim 
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figure at half stroke, the initial steam Burroiinding the part 
marked S S, and being, therefore, intide the valve, while the 
exhauat steam is above and below the valve, as already deacribed 
inconnection with the cylinder drawing, Fig, ISO; al ia, therefore, 
tiie steam lap and e I the exhauat lap, ateam being cut off by the 
inner edges of the valve. The rubbing or piaton parte of the 
valve F F are not packed with rings, but simply titmed to a good 
working fit ; but with larger sized valves of this pattern, spring 
rings are used exactly aa with ordinary piatona. The valve-rod 
passes right through the centre of the valve as shown, the enlarged 
part being for the valve-rod guide, which will be afterwards de- 
scribed, as well as the connection of the rod to the eccentric-rod. 
( 176) Main and ExpanBion Valves.— In Fig. 185 (a), (6), (c), (cO, 
are shown the valves for the horizontal engine of Kx. A. The 
lower or main valve, M Y, is provided with two steam pasaages, 
F F, leading from back to fronts the centre space, E S, being for 




Pig. 186. 
the exhaust steam. The valve-rod passes through the whole 
length of the valve, is fixed with look nuts at either end, and is 
surrounded by bosses, B B, where it passes through the steam 
passages. On the back of this valve there works two other 
valves, E V, with simple flat faces and of a construction shown 
in the figure, both threaded on one rod which is provided with a 
right- and left-handed square thread screw, so that when the rod 
is turned round the valves separate or approach equally, and 
thus alter the point at which steam shall be cut off. The valves 
are fitted with gunmetal flanged note, N, screwed to receive the 
rod. The back end of the rod tor these valves passes through 
a stuffing box in the back of the steam chest (see Fig. 181), 
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and is then attached to the expansion gear shown in Fig. 186. 
The turned columns, C, which support the crossbar ft, are 
screwed into the flange of the stuffing box cover. Inside the 
crossbar is fitted a flanged brass bush, sqrewed internally to 
receive a second bush having a projecting piece, p, fitting into a 
groove cut in the front edge of the crossbar, and graduated to 
show the point of cut off". The valve-rod end is made square for 
some distance, and fits a square hole through the outer bush, so 
that when this bush is turned round by the hand-wheel, H W, 
which is fixed to it, the valve-rod is turned, and the inner 
bush, having a round hole, is moved to and fro, and marks the 
position of the expansion valve. Dimensions for this gear are 
marked on the figure, and it should be regarded as a detail to 
be shown on the detail drawing of the valves. The inner or main 
valve aflects the points at which release to the exhaust and cut- 
off for compression shall take place, and acts in this way just as 
an ordinary valve. 

(177) Valve-Rods. — Details of the valve-rods will be con- 
sidered with the eccentrics, as it is sufficient in the valve draw- 
ings to show only that part of the rod attached to the valve, but 
it should be noticed here that their diameters must be sufficient 
to stand the stress produced by the frictional resistance of 
the valves, in addition to which they must be strong enough 
to resist buckling. For small engines, such as we are dealing 
with, it will be found that the least diameter practically con- 
venient is generally more than sufficient for strength, especially 
with valves of the piston type. But care should be taken that the 
rod is not subject to a greater stress than 3,500 lbs. per square 
inch on the smallest section, due to the frictional resistance alone. 

(178) Size of Valves. — There can evidently be no object in 
having larger valves than absolutely necessary ; the valve length 
is, of course, settled by the port face and the lap, but in width 
the valves need not exceed the port length by an amount at each 
side greater than 1 to 1 J times the width of the bars between 
the steam and exhaust ports. The height of the valve from the 
port face is partly a question of convenience in designing the 
cylinder, and should be as little as possible. It is unnecessary 
to consider any rules about thickness of metal, from the fact of 
their being castings, the thickness cannot be less than f " to J", 
and is thus of ample strength. It should also be noticed that 
the steam chest cover is provided with inside ribs which do not 
actually touch the slide valves, but serve to prevent them moving 
too far from the port face, and that the length of the steam chest 
must evidently be sufficient to give clearance when the valves 
are at the end of their stroke. 
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EXAMPLES. 

EX. A 3. — Make working dimensioned drawings full size^ 
showing two views of a piston slide valve for Ex. A, as in 
Fig. 184. Outside exhaust lap, ^"; inside steam lap, ^" \ 
diameter of valve at small part, li"; rod, \" through valve; 
J" beyond valve. Diameter of viflve and size of ports from 
cylinder drawing, Fig. 180. 

(Find distance between centre of steam ports from Fig. 180, and draw 
ontline of |)orts, then width of piston part of valve = width of port + out* 
side lap + inside lap. It is better to screw the collar on the rod where it 
enters the valve against a wrought-iron or brass bnsh, rather than against 
the cast-iron valve, therefore show such a bush, and the way the rod is 
fixed ; show a keep pin to prevent the nut working loose. ) 

EX. B 3. — Make working dimensioned drawings full size, 
showing three views of the expansion and main slide valves for 
Ex. B, as in Fig. 185. Expansion valve faces, 6 J" long, 1|" 
wide. Main valve — total length, 7"; total width, 6J"; total 
depth, J" ; steam lap, J" ; exhaust lap, \" ; width of openings 
through valve, |" ; rod through main valve, \" diameter ; expan- 
sion valve rod, i" diameter ; 1" diameter square thread screw 
for length of, 7". Length of gunmetal nuts in expansion valves. 
If. Show the expansion arrangement of Fig. 186 on the same 
drawing. 

(Make outline drawing of port face and back end of steam chest, with 
the flange for the expansion gear, and showing centre lines of valve-rods, 
sizes from Fig. 181 and Ex. Bl. Notice that passages through main valve 
are widened out so that only the metal near the top and bottom face needs 
machiniug, also that top face of valve is recessed to save machining ; show 
projecting faces on ends of main valve for nuts to bed ao^ainst, and turn 
valve-rod down between the screwed ports so that it may be easily passed 
through the valve. Lock nuts at each end. The gunmetal nuts for the 
expansion valves are dropped in place from above, and bear against the 
flanges, one of which is sliown at each side. ) 



SECTION XXVIII. 
CROSSHEADS— GUIDES— OONNEOTING-RODS. 

The crosshead, guide blocks, and the crosshead or small end of 
the connecting-rod all connect at the same part, and as the form 
of each depends so much upon the arrangement of the whole, it 
will be convenient to consider them together before dealing with 
the details of the separate parts. 
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(179) Crosshead. — ^The crosshead is the nanie given to the 
piece fixed to the ontside end of the piston-rod, and moving 
with it. The ''guide block" or ''slide Mock" is that part which 
is fixed to the crosshead, or forms a part of it, and moves with it, 
between parallel parts called "guides" The " crosshead pin or 
gi(dgeon " is the part attached to the " connecting-rod" which rod 
joins the crosshead to the crank pin. 

(180) Forms of Crossheads. — ^The crosshead may be in the 
form of a block rigidly fixed to the piston-rod, or forming a part 
of it, containing brasses for the crosshead pin bearing, and having 
one or two guide plates connected to it, according to whether the 
engine has single or double guides. Such a crosshead for a 
single slipper guide is seen in Fig. 187, the guide plate or 




Fig. 187. 
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*' slipper " of cast iron or gunmetal being fixed by set screws to 
the under side as shown ; the brasses B B are held in position 
by two bolts, h b, and a steel cap, C, the crosshead and cap being 
cut away at an angle of 60° around the bolts to save weight. 
In this example, which is for the vertical engine of Ex. A, the 
crosshead and the piston-rod, P R, are forged in one piece of 
mild steel. For such a crosshead the small end of the connecting- 
rod is simply forked like an ordinary pin or knuckle joint as 
shown in Fig. 178 (see § 59), having the crosshead pin fixed 
to it. The slipper plate, S P, moves between guides formed by 
bolting two plates, G- P, to a raised part of the engine framing, 
the cross-section being as shown in the end elevation of Fig. 187 
(see also Fig. 178, D). This arrangement is often spoken of as a 
single slipper guide. 

In the above design it will be noticed that the brasses are 
part of the crosshead, and the crosshead pin part of the connecting- 
rod, but in other patterns now to be described the brasses are a 
part of the connecting-rod, and the crosshead pin of the crosshead. 
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la the desigii of Fig. 188 the crossheod is a cast-iron box, B, 
having the top and bottom fa^es circular and turned to an arc, 
having ita centre at the centre line of the piston-rod, F R. The 




Fig. 188. 

piston-rod is connected by a eottored joint, and the crosshead 

Ein, F, passes through bosses cast on the inside of the cro3s> 
ead, the distance between them being equal to the longth of 
the brasses in the small end of the connecting-rod. The guide 
G is then a cast-iron trunk having part of the sides removed, and 
bored inside to receive the crossheod, and with flanges attached 
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for bolting to the engine bed. The diameter of the guide inside, 
and, therefore, of the crosshead, is so arranged that the connecting- 
rod shall clear the guide when in its highest and lowest positions. 
The crosshead and guides as dimensioned in the figure are for a 
horizontal engine, cylinder 8" diameter, and 10" stroke. 

The chief advantage of this form of trunk guides is that the 
machining can all be done in the lathe or boring machine, and is 
thus much cheaper than the planing and shaping required for the 
slipper guide, and for the guides of Fig. 190. This type of trunk 
guide is, therefore, very common in ordinary commercial engines, 
both vertical and horizontal. 

The box form of crosshead with its inside pin necessitates a 
special arrangement of the small end of the connecting-rod, as 
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Fig. 190a. 

it is evident the brasses could not be adjusted from inside the 
pin. The design to meet this difficulty is shown in Fig. 189, 
end C ; the rod is forged with an enlarged end, which is then 
slotted out to receive the brasses, B B', and the wedge block, W, 
which is moved up and down against the tapered face of the 
front brass, B, by turning round the screw shown, thus adjusting 
the brasses. The back brass, B', is a semicircular bush often 
provided with a pin to prevent movement, but this is really 
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unnecessary, as there is no tendency for the brass to move 
sideways when in position. 

In the third design, shown in Fig. 190a, the crosshead is 
a wrought-iron fork or knuckle joint, fastened to the piston-rod 
F B by a cotter, and holding the crosshead pin P, thus making 
an ordinary pin joint (see § 59). The crosshead pin is extended 
on each side, and fits into cast-iron guide blocks, GB, which 
move between double guide bars, G (Fig. 1906) of T section, 
bolted at one end to a projection on the cylinder cover (Fig. 181V 
and at the other to a vertical frame, G F (Fig. 1906). This u 
also a common arrangement for horizontal engines, but is more 
expensive, although no more convenient than the slipper guides 
of Fig. 187. It possesses one advantage in common with the 
slipper guide as compared with the trunk guides, in allowing 
freer access to the piston-rod gland and to the crosshead brasses. 
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Fift 1906. 



The design of the small end of the connecting-rod for this type 
of crosshead will be explained under the heading of connecting- 
rods. The crosshead and guides of Fig. 190a, 6 are for the hori- 
zontal engine of Ex. B. 

(181) Conneoting-Bod Ends. — The ends of connecting-rods 
which join the crank pin are provided with brasses surround- 
ing the pin, held in position in two different ways. In one 
design shown in Fig. 189, the connecting-rod end, C P, is en- 
larged, making what is called a T end (marked T), and the 
brasses B B are fixed between it by bolts passing through them 
and through a cap 0, the nuts being on the rod end, as in the 
figure, or, as frequently seen, on the outside of the cap. The 
brasses are adjusted for wear by filing away the common face of 
contact at a, or by thinning a packing piece which is often fitted 
between the brasses. In a similar and very economical design, 
the rod is forged with a large solid end, which is first bored for 
the brasses and bolts, and then slotted across the centre to 
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separate a piece for the cap ; the brasses are then simple half 
bushes or rings, held in position bj> being just cut awsy at the 
bolt boles, and, therefore, being held by the bolts. In the 
ftrraogement of I^. 191, the rod end is enlarged to an oblorg 
section, and the brasses B and B' are held between the end and 
the inside of a strap, S, which surrounds them and the oblong 
portion of the rod end, the strap is fixed by a cotter, C, and & 
gil^ G, so that when the cotter is driven in, the gib draws the 




strap towards the rod, and brings the brass B nearer the brass 
B'. This use of a gib and cotter has already been referred to in 
§ 67, but owing to the cost of machining, it is more expensive 
than the design with bolts and nute. It has recently been 
cheapened by cutting the slot for the cotter quite at the rod end, 
so that there is no metal between the brass and the slot. The 
strap is then rigidly bolted to the rod through a part removed 
from the brasses, and the gib is placed next the brass B', an<) 
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bearing against it, so that when the cotter is driven in it 
bears hard against the rod and strap on one edge, and on the 
other against the gib moving it and the brass B' towards the 
brass B. 

When a rod has its crank pin end of the design of Fig. 191, 
its crosshead end is generally similar, and a rod so made is 
used in the horizontal engine of Ex. B, the crank pin end of 
the rod in Ex. A being of the form of Fig. 189, end O.P. (see 
Fig. 178). 

(182) Lubrioation of Connecting-Bod Brasses. — In Fig. 
191 a siphon oil cup (see Fig. 153) is screwed into the top of 
the strap over the centre of the brasses, and oil is conducted to 
the front and back parts of the brasses which we know to be 
the seats of pressure, through narrow grooves cut in the top 
halves, leading from the hole under the oil cup; a horizontal 
groove being also cut nearly across the brasses exactly at the 
centre line. For vertical engines (say for the crank pin end) it 
is customary to fix a separate oil cup to the connecting-rod, and 
lead a small pipe from it to a hole drilled through the T end of 
the rod and the brass next it, a groove being cut from this hole 
around the brasses to the other side of the journal. 

(183) Proportions of Parts. — In obtaining the sizes for the 
crossheads, guides, and connecting-rods, we require to know the 
total forces acting upon them when working. The stresses due 
to the steam pressure upon the piston alone are easily found, 
but these are increased by the effect of the inertia of the parts, 




Fig. 192. 

especially with high speeds, to an extent which must not bo 
neglected, but which can only be found for particular examples 
by a method far too complicated for insertion here. We can, 
however, usefully show how to find the stresses caused by the 
steam pressure, and then by allowing a low value for the working 
stress per square inch, give some idea of how the sizes of the 
parts are obtained. 

In Fig. 192, PR is the piston-rod, G and G' the guide blocks, 
OK the connecting-rod, and the crank, S being the shaft 
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centre. (The crank and connecting-rod are drawn in the position 
when at right angles to each other.) If C T be drawn at right 
angles to K S, and, therefore, parallel to the pressure on the guides, 
then if the length of R T represents the total pressure on the 
piston, the length of OR will represent the force along the connect- 
ing-rod, and of CT the pressure on the botton guide. By drawing 
arrows representing the direction of the forces, it will be seen 
that in both the inward- and outward-stroke the guide pressure is 
on the bottom guide G when the engine runs in the direction of 
the arrow, the rod being subject to tensile stresses during the 
inward-stroke, and to compressive stresses during the outward- 
stroke. We thus see that a top guide is unnecessary so far as 
the pressure upon it is concerned, except when the engine reverses 
Now draw CV to represent a shorter connecting-rod, then for 
the same position of the crank we see that, if the length of Y T 
represents the total pressure on the piston, the length of C T 
represents, as before, the pressure on the guide. But this means 
that the guide pressure is the same as before, with a less pressure 
on the piston, or what amounts to the same thing, the shorter 
the connecting-rod, the greater the pressure on the guides. A 
short connecting-rod also gives a more irregular twisting force at 
the crank pin than a long rod, so that as long a connecting-rod 
as is conveniently possible should always be secured. 

(184) Iiength of Connecting-Bods. — The length of connect- 
ing-rods between the centres for such engines as we are dealing 
with varies from five to seven times the crank length, the usual 
standard being six times. 

Turning again to Fig. 192 we see that since the angles B OS 
and B T are right angles, the triangles SOB and C T B arc 
similar (C B being common), that is — 

SO : OR : RS :: CT : TR « RC, 
also that 

RS = ^/ R^» + C S', which = J con. -rod length^ + crank length*, 

and if the rod is 6 cranks length this equals V 37, or 6*08. So 
that as B is the total pressure on the piston when B S is 
the force along the connecting-rod, we see that with the usual 
length of rod the maximum force along the rod may be taken as 
equal to the total pressure on the piston (or more exactly to 

-w- =1*013 times the piston pressure); also as OS represents 

OS 
the maximum guide pressure we have, that this is equal to 7=-= 

OB 
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or ^th of the total pressure on the piston, or in a general case 

, length of crank , , , . i. * 

IS equal to , ° , — « — -r- x total pressure on piston.* 

As the piston will not have reached the point of cut-off in the 
engines we are dealing with, when the rod and crank are at right 
angles, the pressure on the piston will be taken at its greatest 

value — that is,j9 x d^ x -j , where 'p = effective pressure of steam 

per square inch before cut-off, and d = piston diameter. 

We see then that the force along the connecting-rod may be 
taken as equal to the maximum total effective pressure on the 
piston when the steam alone is considered, and that this force 
has to be resisted by the crank pin and crosshead brasses. But, 
as previously mentioned, we must allow for the stresses due to 
inertia, and this we shall do by taking such a value for the 
working stress as shall cover these stresses, including those due 
to the steam. Professor Unwin has shown that the total stress 
in the connecting-rod is from 1^ to 1^ times the greatest pressure- 
on the piston, as caused by the steam, but that the maximum 
guide pressure is not much increased. 

(185) Area of Rubbing Surfaces. — The following figures for 
the working pressure upon the rubbing surfaces are ordinary 
practical values, and are in lbs. per sqtiare inch. The total pressure* 
upon the surface is to be taken as that caused by the maximum 
effective steam pressure upon the piston only. The required area> 

o^x -T-^p 
in square inches will, therefore, in all cases be equal to ,. 

8 

where d = piston diameter in inches, p = maximum effective 
steam pressure per square inch, s = working pressure per square- 
inch upon the guide. 

(186) G-uide Blocks. — The mazimnin pressure should not 
exceed 50 lbs. In many cases it is much lower, as other con- 
siderations in the design may require a large surface, such, for 
example, as in the box crosshead and trunk guide of Fig. 188. 

(187) Crosshead Pin. — The effective area is only that of the- 
length in the brasses, and is, therefore, that of the brasses also, 

* If the angle CRT s <f>, and T R = total effective pressure on^ 

piston s P, then — 

p 

R C = force along connecting-rod = 

° ° cos 

C T = pressure on guide = P . tan <f>, 

and these have their maximum value assuming P to be constant, when the-^ 
angle R S C is a right angle. 
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which as abready seen may be either in the crosshead or the 
connecting-rod. The maximain pressure should not exceed 2,000 
lbs., a good working value being 1,200 to 1,500 lbs. If c? = diameter 
of the pin, and I = length embraced by the brasses in inches, 
then effective area ss d x I square inches. 

(188) Crank iPin. — The maximum pressure should not exceed 
600 lbs., a good working value being 400 lbs. Tf c? = diameter 
and I = length in inches, then effective area =: d x I square 
inches. 

(189) Batio of Diameter and Length of Crosshead and 
Crank Pin. — The calculation of the diameter and length of a 
crosshead or crank pin in order that the pressure upon them 
shall not produce too great a stress in the material, is another 
one of the questions which we cannot enter into here. We may, 
however, indicate that an ordinary crosshead or crank pin is 
practically in the condition of a beam loaded uniformly and 
supported at each end (assuming the crank to have double webs), 
and is, therefore, subject to bending, the bending moment 
increasing with the length, a crank pin being also subject to a 
twisting action. These considerations are fully treated in Prof. 
Unwinds " Machine Design." 

Crosshead pins usually have a length of from 1^ to 2^ times their 
diameter, an average ratio being 2, or I = 2d. 

Crank pins usually have a length of from 1 to 1^ times their 
diameter, an average ratio being 1|, or Z = 1^ d. 

EXAMPLES. 

EX. A 4. Make working drawings, two views, full size, of the 
crosshead and slipper guide for the vertical engine of Ex. A, as 
in Fig, 187. The crosshead block to be of mild steel forged in 
one piece, with the piston-rod 1 J" diameter. Length of block, 2|". 
Pressure on crosshead pin 674 lbs. per square inch, I =^ 2^d, 
brasses |" thick. Two bolts, total area at bottom of threads = 
area of piston-rod. Cap 1^" thick. Guide plate y^' thick, 3f "wide, 
pressure per square inch 35 lbs., fixed to crosshead by 2 f " screws. 
Lock nuts on bolts. Height from centre of rod to base, 3f ".* 

(Calculate length and diameter of brasses ; these have flanges ^'' thick -« 
overlapping crosshead, therefore width of crosshead = I - J". Draw in 
brasses in both views. ' Find diameter of bolts taking effective area as at 
bottom of threads. Bolts are kept from moving by turning the crosshead 
where the rod joins it, forming a collar of about 2|" diameter, and then 

* The following are the pressures per square inch to be worked to for 
the examples of A and B :— Ex. A — Initial pressure, 107 lbs. ; back pres- 
sure, 17 Ids.; effective initial pressure, 90 lbs. Ex. B — Initial pressure, 
98 lbs. ; back pressure, 2 lbs. ; effective initial pressure, 96 lbs. 

19 
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cutting away the bolt heads as shown at h, to fit against the collar, this 
means that the bolts are within about y of the brasses ; thus draw in centre 
of bolts to nearest y. Make length of block from head of bolts to centre 
1^'', and from centre to front face j". Draw in cap, allowing j^" clearance. 
Amount of metal outside bolt to be enough for surface of nut on cap, and 
about i" on block. Thickness of slipper plate where bolted to cap-]^\ 
Slipper thickened to }" at centre and recessed V' to receive crosshead block. 
Cut away top and bottom of block at 60°, and show the rod meeting the 
block with a gradual curve. Set screws for slipper plate should not touch 
the lower bol^ and heads must be recessed within the plate. ) 

EX. B 4. — ^Make working drawings, full size, of the cross- 
head guide blocks and guides (two or three views of each) for 
the horizontal engine of Ex. B, as in Fig. 190. Forked cross- 
head cottered to H" piston-rod. Pressure on crosshead pin, 
1,938 lbs. per square inch, I = l^d. Guide blocks, If" wide ; 
pressure, 43 lbs. per square inch ; If" between guide bars ; inside 
flanges on blocks, f" thick ; crosshead pin through guides, 1|-" 
diameter. Double guide bars of cast iron, total length 2' 4", 
bolted at back end to cylinder and at front end to standard, as 
shown, with f " bolts. 

(Calculate sizes of crosshead pin as before. Then design forked and cot- 
tered joint as in §§ 65, 66, making the distance a = 2^" to allow for connect- 
ing-rod end ; stress on rod at weakest section, 7,000 lbs. per square inch, 
due to piston pressure. Find length of guide blocks for given pressure and 
width. Draw crosshead pin out of centre of guide block, as shown, to 
allow a greater clearance between gland and crosshead. Metal of guide 
blocks, f' thick. The inside top and bottom flanges on the guides prevent 
side play. Length of ^ide bars to allow for stroke, block, i" clearance 
each end, and for boltmg to cvlinder and front frame. The bars are i" 
thick, strengthened by a rib, J'^wide and V thick at the centre. In cal- 
culating size of guide bars for the thrust due to greatest piston pressure, 
they should be treated as beams supported at each end. The bending 
force is the maximum thrust on the guide, the position of the guide centre, 
relative to the ends of the bars when the crank and connecting-rod are at 
right angles, can be foimd by construction, and gives the distance of the 
bending force from the beam ends, and then the size can be found, knowing 
that B M =/Z, where/ = 3,000 lbs. per square inch, and Z for rectangular 

section = — ^, the effect of the strengthening web, when small, being 

neglected. The upper bars might be made much smaller, but for conveni- 
ence in casting all alike. The sizes of the front standard are marked in 
Fig. 1906, the inside width must allow clearance for the connecting-rod 
at the sides, and the inside height at top and bottom, when the rod is in 
highest and lowest position. Height of centre line from base to be obtained 
from cylinder drawing. Fig. 181, also details of lugs on cylinder cover to 
which guide bars are bolted. ) 

Gonnecting-Rods (EX. A 5). — Make working drawings, full 
size, of the connecting-rod for vertical engine of Ex. A. Crank 
pin end with solid brasses and cap, as in Fig. 189, end P, 
crosshead end forked, as shown in Fig. 178. Length of rod, 6 
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cranks; diameter at crank pin end, l^", tapering to 1^" at 
fork; pressure on crank pin, 352 lbs. per square inch ; l^l'l^cL 
Size of crosshead pin from Ex. A 4. T end of connecting-rod 
and cap for crank end, 2V' wide, 1^'' thick. Sectional area of 
bolts at bottom of threads = area of rod at smallest section. 
Thickness of brass next cap and rod, f . Smallest section of 
fork, 1^ wide, -f^ thick; thickness where pin passes through, 
1^". Show oil cups as in the figure. 

The larse end of rod should be drawn half in section. It is unnecessary 
to show the whole length of the rod, so that rod can be shown broken off 
and the ends drawn near together. The calculations for the rod diameter 
are too oUfficult for explanation. First, find the size of crank pin, thus 
obtaining length of brass, then draw in lines of the T end of the rod, the 
brasses and cap in front elevation. Find diameter of bolts, and draw them 
in, they may be within V' of journal. Let the width of the brasses be 
equal to the width of rod smd cap for a length of about half the cap thick- 
ness, then remove metal around the bolts, as shown. Bolts kept firom 
turning by cutting away part of the round heads, and of cap as for oolts in 
Fig. 193a. Length of cap and T end of rod to allow surface for nuts, as in 
ordinary flaneed joint. Show a gradual curve to the T end. The fork at 
the crosshead end must be long enough to clear the crosshead, its other 
proportions will present no difiiculty. The crosshead pin is kept in posi- 
tion by a keep pin through one fork. See pp. 135, 136 for the curves at 
the T end of the rod and at the fork. 

EX. B 5. — Make full-size working drawings of the connecting- 
rods for horizontal engine of Ex. B. Both ends to have straps 
with gibs and cotters, as in Fig. 191. Length of rod, 6 cranks ; 
diameter, 2^^ from crank end for half length, then tapered to If 
at crosshead end; pressure on crank pin, 426 lbs. per square 
inch; I = 1'2 d. Size of crosshead pin from Ex. B 4. Brasses 
to overlap at crank end ^^'\ at small end ^" on each side; 
thickness at seat of pressure, ^" and yV respectively. Mean 
width of gib and cotter combined at crsoik end 2", at small end 
1^" ; cotter, 1|^", and 1" within rods at each end respectively, 
other proportions as in § 67. Thickness of strap at crank end 
1", at small end i^". 

(Calculate size of pin. Draw in circle showing diameter of pin, and then 
show thickness of brasses ; as the pressure on the rod acts in the direction 
of its length, the brasses only wear at front and back, and not at top and 
bottom near the strap, hence the brass there may be thinner ; this gives 
distance between strap. Show thickness of strap, then obtain sizes of 
■cotter and gib (§ 67), and draw in position, allowing sufficient length of 
rod and strap beyond the cotter way. The brasses are to have flanges at 
«ach side to prevent side play, but these need not exceed f" thick. Show 
arrangement for lubrication. 

We have seen that the size of the brasses decides the distance between 
the strap, and also to some extent its width, since too much of the brass 
must not overhang. It would then seem as if the strap thickness and the 
:sizes of gib and cotter should be proportioned to resist the stresses due to 
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the steam pressure and the other forces acting along the rod. But if this 
is done, the strap, gib, and cotter would be much smaller than actually 
made, even taking as low a stress as 3,000 lbs. per square inch. It, there- 
fore, seems as though the parts have been proportioned more for symmetry 
than for equal strength, but there seems to be no reason why the student 
should not work out the sizes for himself, remembering that the strap must 
be thick enough, so that the bearing pressure upon it may not be too great, 
and adopting for convenience the usual rule that the cotter thicknesa 
^O'Sd where d = diameter or width of rod throuffh which cotter passes, 
and where/ s 5,000 lbs. per square inch for wrou^t iron.) 



SECTION XXIX. 

ECCENTRICS AND ECCENTRIC-RODS. 

(190) Eooentrios. — We shall now consider the form and design 
of engine eccentrics, referring only to their application in work- 
ing the slide valves. An eccentric consists of two parts, the 
" ahecuve" which is a disc, usually of cast iron, rigidly keyed to 
the crank shaft and turning with it, and the "«^a/>," a cast-iron, 
wrought-iron, or gunmetal ring which surrounds the sheave, and 
is attached to one end of the eccentric-rod, the other end of 
which connects with the valve-rod. When the sheave can be 




Fig. 193a. 

slipped upon the shaft from one end, it is cast in one piece, but 
when it cannot be so moved, it is cast in two parts, which are 
bolted together in position. The strap is in two parts, connected 
by bolts, one half being fixed to the eccentric-rod, generally by 
means of studs and a T end. The eccentric-rod joint, with the 
valve-rod, is almost always a simple pin and fork connection, 
and ofben without brasses, as the movement is so very slight. 

(191) Forms of Eccentrics. — Examples of eccentrics and 
rods are shown in Fig. 193a, h. The shaft centres are marked 
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«, the sheave centres c, the sheaves S, and the straps St The 

rods are made with T ends fixed to projections on the sheave 

by two studs, as shown in the figures ; and with a short turned 

piece, which fits a hole in the eccentric strap, thus preventing 

any side movement, and relieving the studs of any tendency 

to shear. In Fig. 193a the 

sheave is cored out as shown 

to save weight, and in both 

cases the sheaves are widened 

next the shaft, to give a 

greater length for the keys. 

The two halves of the strap 

are connected by bolts, BB, 

which may be placed as close 

to the sheaves as i" or J". 

It will be seen that the straps 

of Fig. 19da have much 




Fig. 1086. 



thicker bolt flanges than those of Fig. 1936, and that the bolts 
can, therefore, be brought close in, such a design is also more 
rigid, and is, therefore, preferable. 

The straps are kept in position on the sheaves by small side 
flanges, which bear against the sides of the sheave, as shown in 
the separate figure of Fig. 193a, where S is a section of the sheave, 
and S< of the strap. Care must be taken to provide for an 
efficient lubrication of the rubbing surfaces, either by casting an 
oil cup on one half of the sheave, as at O C in Fig. 1935, or by 
other means. In each case the eccentric-rod ends where joined 
to the valve-rods, have the form of forked pin joints. Eccentric- 
rods are often made of cast iron, and in one piece with one half 
of the sheave, the rods having a double tee section. Wrought- 
iron and steel rods are also made of rectangular section. 

(192) Forces on Eccentrics and Bods. — The chief forces 
acting upon the eccentric-rod, and also upon the sheave and 
strap, are caused by the resistance offered by the slide valve to 
movement, and have already been considered in § 174. As in 
the case of valve-rods, a certain size of eccentric is necessary from 
quite other considerations than those of strength, and it is pro- 
bable that with small engines, the proportions necessarily adopted 
give ample sizes for the forces which come upon them, but it is 
at all times advisable to see what these actually amount to. 

(193) Pressure oii Sheave. — If d » diameter of sheave and 
w ^ width embraced by the strap, then d x w = effective bearing 
area resisting the force along the rod. In practice the pressure 
per square inch upon the sheave due to this force is about 90 to 
100 Ibs.^ thence "F ss d x w x pressure per square inch. 
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(194) Size of Sheave* — The eccentricity or throw of the sheave 
must he equal to half the travel of the valve (see § 173). There- 
fore in Fig. 193a, 5, if 9 is the shaft centre, and c the centre of 
the sheave, then the length between 8 and c must equal the 
eccentricity or throw ; this length is also sometimes called the 
^' radius of the eccentric." The movement is the same as though 
a crank of equal length were used, hence the stroke or travel of 
the valve is equal to twice the throw of the sheave. The thick- 
ness of metal, a, from the edge of the hole to the outside of the 
sheave should be as small as possible consistent with strength, in 
order to obtain a small diameter of sheave, and may be equal to 

td where d = shaft diameter, the minimum thickness being 4'^. 
hen the diameter of the sheave is easily found, and its width 
determined in order to give sufficient bearing pressure, but 
remembering also that it must have a greater width than the 
diameter or breadth of the eccentric- rod, as will be seen in 
designing the strap. Eccentric sheaves usually have a width 
next the strap of -^th to ^th their diameter. 

(195) Position of Sheaf upon Crank Shaft. — The position 
of the eccentric sheave upon the crank shaft relatively to the 
crank is found as follows : — In Fig. 194, let be the shaft centre 

and C A the position of the crank at the back 

\ dead centre; draw a circle, AEB, having a 

\ radius, A 0, equal to the throw or eccen- 

— r tricity of the crank. Along AB from C set 

/ off L = steam lap of valve, and L M = lead 

^ of valve. Draw a line through M perpen- 

Fiff. 194 dicular to A B to meet the circle in the point 

E; then when the crank is moving in the 
direction of the arrow, the line E is the centre line of the 
sheave, and E is the centre of the sheave. The point / would 
be the sheave centre without lap or lead, and the point g with 
lap but without lead. 

(196) Size of Strap. — The width of the strap is usually made 
^" to ^'' less than the width of the sheave to allow for clearance^ 
especially when two eccentrics are next one another. Wrought- 
iron or steel straps have a thickness of ^ w, gunmetal straps of 
f w, and cast-iron straps of J w, where w = width. The least 
thickness of the flanges should be \'\ the depth being usually 
about ^" greater. The length of the part marked d (Fig. 193) 
to which the rod is attached must be enough to give a sufficient 
depth for the studs, and its length in the other (Urection to give 
room for the nuts on the T end of the eccentric-rods. 

(197) Size of Studs. — These may be calculated knowing that 
the tensional stress at the bottom of the thread is equal to the 
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total stress in the rod, or the effective combined area of the 
studs should be equal to area of rod at smallest section. But 
their diameter should not exceed J w, otherwise there will not 
be sufficient metal around the holes. 

(198) Size of Eooentric-Rods and Valve-Bods. — We are 
not able to show how to find the diameters of these rods, for 
reasons already given. Like connecting-rods, eccentric-rods are 
tapered from the eccentric to the valve end, and must be designed 
as struts. The T ends of the rods are equal in width to the strap, 
and in length to allow room for the nuts, the thickness being 
generally from c? to 1 J c?, where d = diameter of studs. The 
pin and fork connection at the valve-rod end should be pro- 
portioned according to the method of § 59, taking the total 
force upon it as equal to the frictional resistance of the valve 
(§ 174). 

(199) Valye-Bod Guides. — The guides for valve-rods are 
usually simple cast-iron brackets, bolted to the steam chest or 
engine bed, and having bosses through which the rods work, the 
rods being enlarged in diameter for a length equal to travel of 
valve + length of guide. Owing to the small amount of move- 
ment it is generally unnecessary to bush the guides, or to arrange 
for taking up wear, but provision must be made for lubrication. 
In the vertical engine of Ex. A (Fig. 178), the guide bracket is 
bolted to the under side of the steam chest, and in the horizontal 
engine of Ex. B (Fig. 179), it is bolted to the bed-plate in the 
position shown. The form and position of the bracket should be 
left over until a general arrangement drawing is made, and the 
student should then be able to design it without any difficulty. 

EXAMPLES. 

Make working dimensioned drawings, showing two views, 
elevation and plan, part of each in section, full size, of the 
following eccentrics and rods, and valve-rod ends: — 

EX. A 6. Eccentric and rod as in Fig. 193a for the vertical 
engine of Ex. A. Diameter of shaft 2§", throw J", diameter of 
sheave 5|", width 1 J" recessed to 1" as shown, increased on one 
side only to If" next shaft. Strap f " thick next bolts to J" thick 
at centre, flanges for sheave ■^^' thick, -^" deep, sheave and strap 
of cast iron. Eccentric-rod |" diameter at valve-rod end to |" 
diameter at eccentric end. Valve-rod end as in Fig. 178, diameter 
of pin 1", length between forks of eccentric-rod 2", end of valve- 
rod to have brass bush \" thick, enlarged part of rod for guide 
3i" long 1^" diameter, nearest end to eccentric-rod pin centre, 
If' away, length of part of rod (§" diameter) from end of enlarged 
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part to under side of piston valve 6|", thickness of arms of fork 
surrounding eccentric-rod pin f , pin held by keep pin. Show 
key fcnr fixing sheave to shaft (see § 71). 

(Draw in shaft, sheave, and strap, then decide bolts for fixing strap, and 
for fixing rod to strap, of the same diameter, and so that area at bottom of 
thread ot 2 bolts shall equal area of rod at smallest part ; bolts tor sheave 
may come within ^^ of strap, then arrange length of strap around bolts, so 
that sufficient room is obtained for the nuts without cutting away too much 
of strap. Bolts to have round ends cut away to prevent turning round, as 
shown. Lock nuts and keep pins. Arrange sufficient metal beyond sheave 
next rod so that studs holdmg rod to sheave may be screwed in a depth of 
1^ d ; holes for studs not nearer to sheave than ^". Next design T end of 
rod, the junction to the rod beins by a gradual curve, and afterwards 
complete end of rod next valve-rod and vsQve-rod. Exact length of rods 
left till general arrangement drawing is made. See pp. 135, 136 for curves 
of T end of rod and of forked end.) 

EX. B 6. Eccentric and rod as in Fig. 1936, and slide rods as 
in Fig. 185, for the horizontal engine of Ex. B. The eccentric 
and rod for the main valve only need be drawn, the expansion 
valve eccentric, which differs only in having a longer throw, being 
left till making the general arrangement drawing. Diameter of 
-shaft 3 J", throw 1 J", diameter of sheave 7|", width 1 J", increased 
K>n one side only to 2" next shaft. Strap f thick, flanges for 
-sheave ^" x J^", Sheave of cast iron, strap of gunmetaL 
Eccentric-rod f diameter at valve-rod end to I*' at eccentric end. 
Valve-rod end as in Fig. 185, with ordinary fork and pin joint, 
pin 1^" diameter, |" between jaws of fork. Enlarged part of rod 
for guide If" diameter, 5^" long, rod at other parts f ' diameter. 
Show key for fixing sheaves to shaft, and oil cup on eccentric 
strap. 

(Proceed as in the last example, for drawing the bolts through the strap 
(ordinary hexagonal heads, with washers on each side), and for the T end 
of the eccentric-rod. Then design the forked end for the valve-rod. Details 
of valve-rods are shown in Fig. 185, and both rods should be drawn. The 
main valve-rod is screwed into one end of a larger rod, G R, which forms 
the ffuide, the opposite end beinff shaped to a single eye, for fitting between 
the fork of the eccentric-rod. The guide, E G K, for the expansion valve 
is of cast iron, having one end shaped as shown so that the valve-rod can 
pass through the guide and be fixed by nuts, thus allowing a better means 
of adjusting the position of the expansion valves ; the extreme end is then 
made into a single eye for connecting to the eccentric-rod. In the figure 
the guides, G R and £ G R, are drawn as though the centre lines of the two 
rods were in a vertical plane, one above the other, whereas since the slide 
valves are on a side of the cylinder they are really in a horizontal plane, 
one within the other. Hence the guides should each be turned round 
through 90^ and when this is done we two guides clear each other at all 
parts of their movement. The length of the rods can be left ^ntil making 
the general arrangement drawing. ) 



SECTION XXX, 

OEANK SHAFTS AND BEARINGS. 

(300) Crank Shafts. — The cheapest form of eagise crank efaaft 
is made by keying a oast- or wrought-iron disc to a length of 
shafbiag, and fixing a turned steel or wrought-iron pin (called 
the crajik pin) in the disc at a distance from the shaft centre, 
equal to half the engine-stroke. This arrangement is termed an 
overhung disc crank pin, its advantage being that it is cheap to 
construct, requires only one bearing, and, therefore, reduces the 
size of the engine bed plate, and helps to balance the connecting- 
rod end, especially when the disc is cored out and lightened 



Fig. 195. 

around the pin. The ordinary single-cylinder horizontal engines, 
with trunk guides, frequently have this form of crank. In 
another form of single-arm overhung crank, the crank arm or 
web is of rectangular section, first shrunk on, then keyed to the 
shaft, the pin being a separate piece to the crank web. Such 




Fig. 196. 

cranks are termed "buHt vp." Solid cranks have two webe, the 
pin and webs being in one forging with the ahait The cheapest 
make of solid crank is that shown in Fig. 195, where a shaft of 
uniform diameter is bent to form the webs and pina, and after- 
wards turned at the parte for the journals. Small power engines 
are frequently fitted with cranks of this make. 
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The form of solid crank which is most commonly used is showi> 
in Fig. 1 96. The webs,W W, are of rectangular section, the comers 
where the crank pin, F, and shaft join being well rounded. 
The top and bottom of the webs are turned by fixing the shaft 
in the lathe so that the centre line passes through the centre of 
the length of the webs, and, therefore, in the end view, c is the 
centre for the arcs a and b. Journals for the bearings are formed 
by turning the shaft at J J to a smaller diameter for the required 
length, thus providing collars which prevent side movement. 
The webs are often lightened by removing the comers at an 
angle of 45°. 

(201) Coiinterbalanoe Weights. — It is very desirable, especi- 
ally in high-speed engines, to balance the craiik pin and webs^ 
and a part at least of the connecting-rod end. This is effected 
by blocks of metal, called counterbalance weights, attached to the 
crank webs at the ends opposite the crank pin, as seen in the 
engines of Ex. A and B (Mgs. 178 and 179). Counterbalance 
weights may be solid, with the shaft as in the figures, or may 
be fixed to the crank webs by straps. The design of counter- 
balance weights will be dealt with in Section xxxiii 

(202) Size of Crank Shafts. — We are not able to enter into 
the conditions which decide the proportions of crank shafts,, 
owing to their complex character. Crank pins and webs are sub- 
ject to direct tension, and also to bending and torsional stresses,, 
caused both by the pressure on the piston and the inertia of 
the moving parts. The shaft diameter at its smallest part can 
be found by the ordinary rule for shafts. T M = 0*196 d^f, 
where T M = twisting moment, d = shaft diameter, and / = 
working stress per square inch, which may be taken as 5,000 lbs. 
for mild steel, in order to prevent too great an angle of twist 
in the shaft length. But the twisting moment must be the 
maximum during the stroke, and can only be correctly found by 
allowing for the inertia of the moving parts. 

(203) Crank-Shaft Bearings. — The drawing of a crank shaft 
cannot be completed until the size of its journals has been 
decided. The diameter of the journals is settled by knowing the 
diameter of the shaft, so that we have only to find the length, 
and we know this must be sufficient, so that the pressure upon 
the brasses per square inch shall not exceed a certain value. The 
whole question of the design of lubricated bearings has been 
fully discussed in Section xi., and need not, therefore, be repeated 
here. For engines such as we are dealing with, practical experi- 
ence allows a pressTire per square inch upon the crank -shaft 
journals of fix)m 100 to 200 lbs., due to the pressure on the piston 
only, an average value being 150 lbs. When a flywheel is fixed 
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on one end of the shaft, the bearing next to it should have an 
increased length. 

(204) Forms of Crank-Shaft Bearings. — Crank-shaft bear- 
ings are often cast as a part of the engine framing, this being 
the common construction in horizontal engines with overhung 
crank pins, and with vertical engines. In other cases the bear- 
ing is a separate pedestal bolted to the bed plate. In the vertical 
engine of Ex. A, the bearings are formed in the bottom box 
framing, as shown in Fig. 178, and as close in to the crank webs 
as possible, since there can be no reason for keeping them any 
further apart, and thus necessitating larger castings and more- 
bending in the shaft. During the upward-stroke of the piston 
the crank shaft is pulled against the top brass, and, therefore, 
produces a tensile stress in the holding -down studs, and a bend- 
ing effect upon the cap. The cap is, therefore, designed as 
a beam, and the studs must be of sufficient area at the bottom 
of the threads, so that the tensile stress per square inch due to 
the piston pressure shall not exceed the usual value (see § 15, 
Table II.) 

In the horizontal engine ot Ex. B the crank shaft is supported 
by separate pedestals of the design of Fig. 158, which are bolted 
to the engine bed in the position shown in Fig. 179. In con- 
sidering the distance between the two pedestals, it should be 
remembered that the greater the distance, the greater the bend- 
ing effect upon the shaft, due to the pressure on the crank 
pin ; and the wider the bed plate. Altogether the design would 
probably be more economical if the flywheel pedestal were moved 
nearer the eccentrics than as shown. 

The design of the crank -shaft bearings and the fixing of the 
exact length of the shaft is best undertaken when designing the 
engine framing, and will, therefoife, be left till then. 

EXAMPLES. 

EX. A 7. — Make working dimensioned drawings, half full 
size, of a steel crank shaft for the vertical engine of Fig. 178. 
Crank pin size to be found from Ex. A 5. Crank webs 1^" 
thick, increasing in width fix)m 3" to 7f"; length, 9|", thus 
forming counterbalance weights. Collars next webs, f thick, 
4f " disuneter ; shaft diameter, 2X" ; journals, 2|." diameter ; pres- 
sure per square inch = 150 lbs.; coupling at end, ^" thick, 
7" diameter; face of coupling, 10" from centre of crank pin 
Shaft turned down for eccentric sheave, diameter to be found 
from Ex A 6. 

(Calculate length of journals as already shown.) 
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EX. B 7. — Make working dimensioned drawings, half full 
size, of a steel crank shaft for horizontal engine of Ez. B, and 
AS in Fig. 196. Crank pin size from Ex. B 5. Crank webs, 4J-'' 
wide, 2|-" thick ; diameter of shaft, 3J" ; journals, 3i" diameter ; 
pressure per square inch =156 lbs. ; weight of flywneel, 8 cwt. 
Loose counterbalance weights can be fitted, for proportions of 
which see § 217. 

(The webs need not extend in length beyond crank pin and shaft a 
|[reater distance than their width extends beyond the diameter. Note 
increased length of flywheel journal. ) 

It is unnecessary to show the whole length of the crank shaft, 
or the exact distance between the journals in either example, 
hence it will be convenient to draw it broken off in parts, and 
then the lengths between centres of journals and total length 
<»in be left until after designing the engine framing and bed 
plate. 



SECTION XXXI. 

JET CONDENSERS AND AIR PUMPS.* 

{205) Condensers. — Steam-engine condensers are of two kinds — 
the first and most common are called jet condensers, owing to 
condensation being effected by the exhaust steam meeting a jet 
of cold water and mixing with it ; the second are known as 
surface condensers, in consequence of the steam being condensed 
by coming in contact with a cold surface, and without mixing 
with the condensing water, the steam passing inside a large 
number of small tubes and the water passing outside them. 
Surface condensers are used for engines of large power, espe- 
cially when the water supply is too dirty to be used as feed for 
the boilers, but jet condensers are most common for the class of 
engines we are considering. 

(206) Air Pumps. — Condensers are fitted with a pump worked 
from the engine which removes the condensed steam, and in a 
jet condenser, the condensing or injection water also, from the 
mixing chamber to a part of the condenser called the hot well, 
from which it passes to the boilers as " feed." But in doing this 
the pump also produces a partial vacuum in the space between 
the mixing chamber and the engine cylinder, by exhausting the 

* Students working the examples for the vertical engine of Ex. A should 
pass over this section to Section zxxii. 
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air and steam from behind the piston, and is known in conse^ 
quence as the "atr jowmjt?." Air pumps are of different forms, 
out we shall only deal with the type as fitted to the jet condenser 
of Ex. B, the construction of which we shall describe. 

(207) Jet Condensers. — In ordinaryjet condensers the mixing 
chamber, air pump, and hot well are contained within the one 
casting, which is usually of cast iron. In Figs. 197a, b, c, are 
shown three views of the jet condenser as fitted to the horizontal 
engine of Ex. B. Fig. 197a is a front section through the centre. 
Fig. 1976 an end section, and Fig. 197c the plan. The condenser 
casing consists of an oblong box, containing the mixing chamber, 
M C, the pump chamber, P C, and the hot well, H W. The air 
pump, A P, is a simple cast-iron plunger, cast hollow, and 
attached at the front end by means of a cottered joint to the 
back end of the piston-rod. The exhaust steam enters from the 
cylinder at the opening, E S I, in the top of the condenser, and 
meets a jet of cold water which enters from the side through the 
opening marked CWI, and is directed upwards immediately 
under the steam inlet by a pipe not shown. The steam is con- 
densed and mixes with the water in the chamber, M C, falling 
around the barrel of the air pump, into the lower part next 
the suction valves, S Y. As the plunger moves outwards these 
valves open, and the water passes into the pump chamber, P C. 
On the return stroke of the plunger as it moves inwards, it 
forces a certain quantity of the water through the delivery valve, 
D V, into the hot well, HW, the same process being repeated 
every revolution of the engine. The air pump is, therefore, 
single acting — that is, it only discharges each revolution, not 
each stroke. The hot well is connected to a discharge or over- 
flow pipe at the opening marked H W O, or the water may pass 
down the sloping division plate, P, into the triangular-shaped 
passage P, and along to the other side of the condenser from 
which a pipe marked F P leads to the engine feed pump. The 
pump barrel, PB, forms the stuffing box for the plunger, the 
back cover, B C, being for access to the suction valves, and the 
hot well cover, H W C, for access to the delivery valve. 

(208) Suction and Delivery Valves. — These valves are of 
indiarubber, covering gratings of the design shown in Fig. 169, 
and are fitted together so that a turned projection on the seating 
fits into holes in the division plates between the chambers. The 
suction valves are then held in position by the set screws, S S, 
which pass through the crossbar, C B, shown in the end view, 
fitting in the lugs, L L, cast on the inside of the condenser. The 
delivery valve is fixed by the vertical stay, D V S, the upper end 
of which fits into a groove in the valve seating, while the lower 
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end is screwed, and rests in the circular boss, B, cast on the con- 
denser bottom, adjustment being effected by the nuts shown. 
Notice that the indiarubbers of the suction valves are placed 
inside the pump chamber, while that of the delivery valve is 
inside the hot well, so that water cannot return from the pump 
chamber into the mixing chamber, nor from the hot well into the 
pump chamber. The condenser is provided with flanges along 
the two sides, lugs or bosses being provided for the holding-down 
bolts, as shown. 

(209) Injection Spray Pipe. — The pipe which directs the 
condensing water upwards to meet the exhaust steam is made 
of cast iron, is bolted by a flange to the outside of the inlet, 
C W I, and is turned upwards immediately under the centre of 
the exhaust steam inlet, and to within 5^ of it, the end being 
closed, enlarged in diameter, and pierced by a number of slits or 
holes so that the water meets the incoming steam in the form 
of a spray. 

(210) Arrangement of Details. — Other points to be noticed 
about the design of such a condenser are — ^that the exhaust steam 
inlet should be at the highest point, so that no water may pos- 
sibly find its way along the exhaust pipe to the cylinder; that 
the suction valves should be at the lowest point, so that full 
advantage may be taken of any head of water in the mixing 
chamber, to assist the working of the suction valves ; that the 
delivery valve should not be too high above the pump ; and that 
the valves, when of the indiarubber pattern, must be arranged 
so that, when the engine is not working, they remain covered 
with water, otherwise the rubber would dry and crack. This is 
effected in the condenser shown by having the suction valves 
below the plunger, so that when the water level in the pump 
chamber sinks to below the plunger, no more water will be dis- 
placed, and by casting the rib, K, across the hot well, a little 
higher than the delivery valve, thus forming a kind of trough, 
which always remains full of water. The hot- well overflow^ 
H W O, must also be above the top of the valve. The object of 
inclining the bottom of the mixing chamber is to better direct 
the water against the suction valves. 

(211) Size of Condenser and Air Fiunp. — A small con- 
denser is liable to become flooded, and a large condenser simply 
means so much more space to produce a vacuum in. In the con- 
denser illustrated, the mixing and pump chambers have each a 
volume of approximately three times the cylinder volume, and 
the hot well a volume of about 1*3 times. In commencing to 
design a condenser of this pattern, we first of all recognise that 
the air pump must be lar^e enough to get rid of the condensing 
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water when having a speed equal to the piston speed, and that the 
valves must be large enough to permit the water to pass through 
them without its velocity being great — the maximum velocity 
of ordinary practice being 300 feet per minute. But as the height 
of the air pump centre above the bed plate has already been 
decided, and also its stroke, we see from the «nd view, Fig. 197ft, 
that we could not get larger suction valves in without increasing 
the width of the condenser, nor must we have a less length of 
pump chamber than the air pump-stroke, as seen in Fig. 197^1 
if we are to let the pump displace a quantity of water equal to 
its own volume, nor, again, can we get in a sufficiently large 
delivery valve with a less width of hot well. It is such consider- 
ations as these which decide the sizes of this particular con- 
denser. 

In order to find the air pump diameter knowing its stroke, we 
must know the volume of condensing water required per minute, 
and then obtain such a diameter, so that volume of pump x revolu- 
tions per minute = volume of condensing water per minute ; the 
volume of steam when condensed being so comparatively small that 
it may be neglected. The amount of condensing water required 
is found as follows : — Find the volume of steam used per minute 
at greatest speed = volume of cylinder x revolutions per minute. 
Reduce this volume to weight in lbs., by finding from tables of 
the Properties of Steam the volume of 1 lb. at the maximum 
terminal pressure. This terminal pressure must be calculated 
knowing the greatest cut-off, and the highest initial pressure, it 
being sufficiently near to assume that ^^pressn/re varies inverseli/ 
with volume J* Find also from the tables the total heat in 1 lb. 
of steam at the exhaust pressure from 0** F, which we will call 
T units. We then require to know the temperature of the 
condensing water, and the temperature of the hot well. The 
former of these is usually taken as 60* F. = f, and the latter as 
120° = t^. Then ii w =^ lbs. of steam used per minute, W = lbs. 
of condensing water required per minute, we know that — 

Heat gained by water = Heat lost by steam 
W (^i** - f) = u; (T - ^i") 

from which we can find W, knowing «?, T, ^*, and t Then 
express W in cubic inches, knowing that 1 cubic foot of water 
weighs 62*5 lbs. Let this volume = Y cubic inches. We must 
now make an allowance for the fiict that the pump does not 
displace an amount of water equal to its own volume per revolu- 
tion, owing to what is called " slip." The usual rule for single 
acting plunger pumps is to allow a pump efficiency of 0*5, so that 
we have-^ 

20 
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0*5 { volume of pump x revolutions per minute } = V; 
that is 0*5/ c$ x-^ X stroke x revs, per minute { = V, 

L 

from which we can find the diameter d^; also to find area of 
auction or delivery valves we have — 

; Area of value in sq. ins. x velocity of water in inches per minute = V, 

from which we can find the valve diameter knowing the area 
and the velocity of the water. This area is, of course, the area 
through the grating (see § 139). 

The diameter of the inlet for the condensing water depends 
npon the height from which the water flows, and, therefore, upon 
its velocity through the pipe. But both the inlet and outlet 
should be designed so that the velocity of water passing through 
shall not be greater than 200 feet per minute. Hence, if c? » 
diameter of pipe, then — 

cP X -J- X Velocity in inches per minute = V. 

If the student will work out these sizes for the engine of Ex. B, 
taking pump stroke 12", revolutions per minute 150, initial pres- 
sure of steam 98 lbs. per square inch absolute, cut-off f , con- 
densing water 60" F., hot well water 120° F., velocity through 
valves 300 feet per minute, he will find that the results agree 
with the actual sizes. 

EXAMPLE. 

EX. B 8. Make working dimensioned drawings, half size, of 
the jet condenser for the horizontal engine of Ex. B, having 
the sizes given, and as in Fig. 197. Outside measurements 
1' 10" long, r 3" wide, 1' llj" high, thickness of metal V. Hot 
well 8J" wide, 8" deep. Suction valve openings 4J" oiameter, 
centres 6f " apart, and 4f " below air pump centre. Delivery 
valve opening 6f diameter, centre 2#" to one side of centre line 
of plunger. Faces for suction valves 6|" from outside of condenser 
front. Plunger 3|" diameter, thickness f ", total length V 1 1," 
diameter outside barrel 6 J", length from face to face 7". Diameter 
of cast-iron spray pipe inside li". Outlet from hot well 2J" 
diameter ; outlet to feed pump §" diameter. Steam inlet 2^" 
diameter ; water inlet 3" diameter. Crossbar for suction valve 
l^" square; rod for delivery valve IJ" diameter. Height of 
centre line of pump above baise 9" ; size of exhaust steam inlet 
2^". Holding-down bolts 1" diameter. Faces for machining to 
be provided at covers, stuffing box face, and for suction valve 
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and pipe flanges. Ma:ke a detail drawing in another part of the 
paper of one of the suction valves. Rubber 4 J" diameter, ^ " thick ; 
guard 3f " diameter (see § 139). 

(First draw in centre lines and the outside ontline, then draw in plunger 
and barrel ; next show thickness of metal and division plates ; then draw in 
suction valves, delivery valves (in outline only), and inlet and outlets. 
Make the covers on the pump chamber and hot well as large as possible, 
and show the bolts. Draw in stuffing box for plunger (proportions as in 
Section xxiv.) and flanges for bolting down; width to allow for use of 
spanner on nuts. Finish details. Notice that the lugs for crossbar and 
upright rod must be open at one side, and that sides and ends of con- 
denser come below bottom to give parts for machining. Work all views 
together.) 



SECTION XXXII. 

ENGINE FRAMES AND BED PLATES— GENERAL 
ARRANGEMENT DRAWINGS 

(212) Engine Framing. — Having completed the drawings of 
the cylinder and its connected parts, it now remains to design 
the engine framing or bed plate. We start by knowing that 
the framing is required to support the different parts in as 
convenient a manner as possible, generally in as little space as 
is consistent with the requirements of a rigid base, and that the 
distribution of metal must be such that when the engine is 
working at its maximum speed and power, there shall be no lack 
of stiffness and strength. It is probable that engine framings 
are designed from proportions and forms suggested by the results 
of successful practical experience, rather than by theoretical 
considerations of the special stresses acting in certain parts, 
which stresses are in many cases almost beyond determination, 
so that we sbaU only approach it from the aspect indicated above. 
As a preliminary step, we must decide the length from the 
centre line of the cylinder to the crank-shaft centre. To do 
this we make a rough sketch of the parts when the piston is at 
the back end of the stroke, and the crank on one dead centre as 
in Fig. 178. We then see that the distance is equal to — 

{Length of crank (or ^ piston-stroke) + length of connecting-rod + 
distance from centre of crossnead to end of crosshead nearest cylmder + 
clearance between end of crosshead and gland studs + distance from end 
of gland studs to centre of cvlinder. } 
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All these separate sizes can be obtained from drawings 
previously made, except the clearance betwe^i crosshead and 
gland, and this we see must be determined by knowing how 
near the end of the slipper or guide block, if it extends beyond 
the crosshead may come to the cylinder, and also that until this 
distance is settled we cannot rightly fix the length of the piston- 
rod. In the vertical engine of Ex. A (Fig. 178) we see that the 
slipper cannot conveniently approach nearer the cylinder than 
the distance shown, owing to the position of the guides below 
the top flange of the standard, and also that in Ex. B (Fig. 179) 
the least distance is decided by the length required for the lugs 
on the cylinder end to which the guide bars are bolted, although 
in this case it will be found that a clearance between the cross- 
head and gland studs gives ample clearance for the guide block. 

It will be necessary then for the vertical engine of Ex. A to 
design and draw out the framing before the limiting position of 
the crosshead can be fixed. From the drawing of Fig. 178 it 
will be seen that the bottom framing for the crank -shaft 
bearings, the back standard, and the top flange for the cylinder 
form one casting, the shape of which will be clearly seen from 
the views given. The bottom box section framing is raised at 
the sides to receive the shaft bearings B, and to provide 
bosses for the front columns, it is also recessed under the crank 
as shown by the dotted line «,yj ^, ^, Fig. 178, B, to provide 
clearance for the crank and its attached parts. The back 
standard ia known as the A pattern, rising from the bottom 
frame as two legs, which join at the line m n, and then continue 
as one piece up to the t€^ flange, the shape of which is seen in 
the plan and which is also provided with bosses for the front 
columns. A section plan across the line a 5 is shown in Fig. 178, 
D, which will make the construction of that part clear, and 
which shows how the flat face p is left to form a surface for the 
slipper guide. In determining the height to the top of the 
flange from the shaft centre, the connecting-rod and crosshead 
with the slipper should be drawn in outline, showing merely 
limits of lengths, and then the clearance of about 4f allowed 
between the slipper and the top of the flange. Care should be 
taken that this gives sufficient clearance between the extreme 
top parte on the crosshead and the cylinder gland. 

EXAMPLES. 

EX. A 8. — Make working dimensioned drawings of the cast- 
ing for the framing and standard of the vertical engine of Ex. 
A, as in Fig. 178, showing at least three views. Scale, 3" = T. 
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Height from base to centre of crank-shafb bearings, 8f '^ ; thick- 
ness of metal, ^" ; of bottom and top flange, 1^" ; around bearing 
ly ; around front columns at bottom, 1" ; bosses at top, 3'' dia« 
meter, 3^" long. Columns, If" diameter. Holding-down bolts, 
y diameter. Other sizes as in Fig. 178. 

(Obtain the distance between the bearings centres from crank-shaft draw- 
ing, Ex. A 7> knowing crank pin, webs, and length of journals. Draw in 
circle for journal in Fig. 178, A, allow thickness for brasses (see § 115), and 
thus obtam height to top of crank- bearing frame. The width of the frame 
should be less &an total width across the brasses, by an amount equal to 
(twice the flange thickness on the brasses + allowance for facing for flanges), 
as these faces should be machined without touching the surrounding metaL 
The distance from the centre line through the piston-rod to the face for 
the slipper guide is found from the crosshead drawing, and also the length 
of face reqmred, thus giving the position for the joining of the two less at 
the line m n (least length of face = length of slipper + stroke, less allow- 
anoe for slipper to overmp guide plate at ends of stroke). See Fiff. 187 for 
I sizes of slipper-guide plates. The flange diameter at the top need only be 

about ^!* larger than the flange on the cylinder which is bolted to it. 
The front columns, as seen in Fig. 178, 6, are fixed so that the distance of 
their centres apart is equal to the distance between the centres of the bear- 
ings. The top ends are turned smaller in diameter and screwed into the 
bosses on the flange, and the bottom ends are fixed by round pins, about 
i" diameter, sliehtly taper, driven through rod and boss. Flange width at 
base to suit holding-down bolts. The least distance from the engine centre 
to the legs of the A frame, where they leave the bottom framing, is settled 
by the length of the bearing cap, which should, therefore, be drawn in 
position as a guid&) 

EX. B 9. — Make working dimensioned drawings, three yiews, 
of the bed plate for the horizontal engine of Ex. B, as in Fig. 
179. Scale, 3" = V. Total depth 4^', 1" less at condenser end 
to allow for extra depth of condenser below engine centre. 
Flange, \\" thick ; thickness of metal, |^" ; seven cross ribs, |-" 
thick. Holding-down bolts, 12 — \\" diameter, paasing through 
each comer of plate, and through ribs which are enlarged by bosses 
where they join sides of plate, to allow of bolt holes. Width 
over all at condenser part, 2' ; at cylinder part and for rest 
of length, 2' 7f " Distance from shaft centre to end 16". Bed 
plate to be recessed under crank for clearance, the recess to 
continue for a less width, and decreasing in depth, forming a 
groove 4'^ wide from the crank recess up to the cylinder face, 
and under the glands of the cylinder and steam chest, to form a 
dish for the oil. Facings for planing ^" thick to be provided 
under condenser, cylinder, guide standard, valve-rod guide, and 
pedestals for shaft. Distance between centre of cylinder and 
centre of condenser, 3' 10". Other sizes as in Fig. 179. 

(The design of this bed plate should present no difficulty, but it will be 
necessary to refer to previous drawings. The best way of proceeding will 
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be to draw tho plan of the plate, first draw engine centre line and centre 
lines of condenser and cylinder, then show the outline of the condenser and 
cylinder flanges which are to be fitted to the bed plate, and draw the plan 
of the facings for these, allowing about i" beyond all round. Next show 
the outline of the feet of the guide standard, obtaining sizes and distance 
in front of cylinder centre from drawings of Figs. 179 and 190, and arrange 
facings in same way. It will then be better to draw the outline of the 
front cylinder cover, showing the lugs for the guide bars, and the guide 
block and crosshead in their nearest position to the cover. Then mark off 
along the centre line from the crosshead centre, a distance equal to length 
of connecting-rod + length of crank (Ex. B 5 and 7)} and this will give 
position of centre of crank shaft. Now mark off along the shaft centre line, 
the limit of the crank web in one direction, and the expansion eccentric in 
the other (see Figs. 181 and 196), then fix the centres for the shaft pedestals 
(Fig. 158), which may conveniently be as near to edge as 4"* MarK out the 
facing for the pedestal bases as before, and also for guide bracket for valve- 
rods. Next draw the plan of the recess for the crank, and for catching the 
6il, the crank recess should extend to cover all positions of the connecting- 
rod end. The cross ribs may equally divide the length of the bed plate, 
the bosses for the bolts being about 3^" within the edge ; care must be 
taken that they do not foul with other bolts for the cylinder, condenser, or 
pedestals. Notice that the flange need not project for more than i". Then 
araw a front elevation and an end section, and dimension. 

(213) Iiength of Piston-Bod, Valve-Body and Crank Shaft. 
^From what has been already said we are evidently now in a 
position to exactly settle the length of these parts. For the 
piston-rod of £x. A, its length from the crosshead centre to under 
side of piston will be equal to — 

(Distance from centre of crosshead to top of flange on standard when at 
back end of stroke + distance from under side of flanges on cylinder to 
inside of front end, + clearance + length of stroke of piston), 

and for the rod of Ex. B, it will be equal to— - 

(Distance from centre of crosshead to inside of front cover, + clearance + 
stroke) ; 

while to obtain the total length of the piston-rod since it passes 
through the back cover to join the air pump, we must add a 
length, of — 

(Distance from centre of cylinder to centre of condenser + length from 
centre of condenser to inside back end - clearance for plunger from end - 
total length of plunger + length of piston-rod in plunger end for cottered 
joint - half piston stroke.) 

Allowance must be made for the length of rod required to fix 
to piston and crosshead. 

To find the length of the valve-rod we must decide the position 
of the guide bracket and the length of the guide on the valve-rod 
(the enlarged part of valve-rod, see Figs. 184, 185, 186). Then 
we can find the distance from the centre of the valve at mid-^ 
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stroke to the outer edge of the guide bracket, and add half the 
yalve travel and the distance from centre of pin in forked end of 
valve-rod to edge of guide in nearest position to cylinder. The 
length of the eccentric-rods is best found from a drawing where 
the piston is shown at one end of the stroke and the eccentrics 
in their corresponding position upon the engine shaft (see 
Fig. 194). 

Having determined the positions of the crank -shafb bearings,, 
wc are able to dimension the length of the crank shaft. It is. 
purely a matter of convenience how far the shafb overlaps each 
end, except when a flywheel or drivins wheel is fitted, and then, 
at least, a minimum length equal to the wheel boss is necessary. 

(214) Q-eneral Arrangement Drawing. — A general arrange- 
ment drawing should show the engine complete, with the different 
parts in their correct relative positions. It shoidd be something 
of the character of Figs. 178 and 179, only that more parts should 
be shown, and at least three views, two elevations and a plan, 
be dra^n. In a finished drawing, parts may or may not be in 
section, usually not, and such details as bolts and nuts, lubricators, 
steam valves and pipes, and drain cocks may often usefully be 
included. The student should find no difficulty in making such 
a general arrangement drawing after having worked the previous 
questions, as the chief difficulties have been explained. If the 
cylinder is shown in section, it is usual to draw the piston at one. 
stroke end, and the valve at mid-stroke, these being the easiest 
positions. There are other details, such as governors, feed pumps, 
which may be attached to the engine, but they may be so separata 
as not to afiect any of the other work, and as space is limited 
they are omitted. 

EXAMPLES. 

EX. A 9. Make a general arrangement drawing, three views, 
of the vertical engine of Ex. A (Fig. 178). Scale 1 J" = 1'. 

EX. B 10. Make a general arrangement drawing, three views, 
of the horizontal condensing engine of Ex. B (Fig. 179). Scale 
l^"a- r. Crank shaft pedestals as in Fig. 158. 
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SECTION XXXIIl. 

DESIGN OF MACHINE PARTS OF GIVEN 

WEIGHT. 

(215) It is very desirable that the engineering draughtsman 
should be able to design parts which, when finished, shall not 
exceed a certain weight. The necessity for this frequently arises 
with such details as governors, counterbalance weights, and the 
flywheels for steam, gas, and oil engines, especially the last two, 
which depend so much upon the flywheels for their uniform run- 
ning. Cases often occur, also, where probably a whole engine has 
to be produced under restrictions and penalties as to its total 
weight — such, for example, as the engines for war ships, or trac- 
tion engines for service over light bridges in foreign countries — 
and the satisfactory fulfilment of the order may rest upon this 
question alone. That such examples present considerable diffi- 
culty is apparent, for the draughtsman has not only to fulfil all 
the usual conditions of strength and proportions, but he has to 
exercise a large amount of ingenuity to so distribute his neces- 
sary material in the most economical way as to secure the result 
of least weight. 

This section is included in order to give the student some 
examples of this kind, and it was for this purpose that the tables 
of pp. 162-165 were extended to include the weights of unit 
volumes of the ordinary materials of construction, and of the 
standard sizes of bolts and nuts. Of course, the results can only 
be approximately assured, owing to the difficulty of making a cor- 
rect allowance for the fillets of comers, and similar parts, but 
after some practice, the designer acquires the knowledge of many 
Ways in which these are very nearly accurately sJIowed for 
without undue complication. The examples chosen for working 
will not require anything beyond an elementary knowledge of the 
mensuration of surfaces and solids. 

In working the examples, the student should make sketches 
of the part, filling in the sizes of the parts whose dimensions are 
fixed by other considerations than the weight. He should then 
try to complete the design roughly to fulfil the conditions of 
weight also, before beginning the actual working drawing. Then 
in making the drawing, he will see that there are certain sizes 
which must not be altered, and certain others — such as overlap 
of flanges, thickness and diameter of bosses — which can be 
altered without loss of strengths 



FLYWHEXX8. SIS 



EXAMPLK 

EX. 1. — Design a simple shaft pedestal, as in Fig. 154, Ex. l, 
p. 227, so that its weight, when fiiiished, shall be between 3 and 
4 lbs. 

(Here the only fixed size is the l^igth and diameter of the hrasses, and 
we can easily save weight in reducing the height from the base to the 
centre, since this is not stated, and in the base length. First find what 
weight the ordinary proportions will give, and then, u too heavy, cut away 
the least important parts. ) 

(216) Flywheels. — In a steam engine haying a crank and 
connecting-rod, the turning effort on the crank pin varies con- 
siderably during the stroke, owing to the different angle between 
the crank and rod, the changing pressure upon the piston, and 
the change in the velocity, and, therefore, in the momentum of 
the moving parts. At the two dead centres the turning effort is 
evidently nU, Hence, if the resistance offered to the engine is 
uniform, it follows that at some parts of the stroke the power of 
the engine is in excess of the resistance, while at other parts it 
is less, and this must mean that the velocity of the crank pin 
will slightly change. But if a heavy flywheel is fitted to the 
shaft, it decreases the amount of this change of velocity by 
absorbing energy when the work done on the crank is greater 
than required for the resistance, and by giving it out again when 
it is less. It does this by slightly changing its velocity, and in 
virtue of the fact that the energy of a rotating body depends 
upon its mass and its velocity; hence, since the mass of the wheel 
is constant, its velocity changes in order that the amount of its 
kinetic energy may change. But if the amount of the variation 
in the crank effort is found, as it can be by well-known methods, 
it is possible to design a flywheel of a certain size and weight, so 
that its actual variation from a uniform velocity may be of anj 
desired value. This variation for well-balanced engines does not 
exceed 1 to 2 per cent. 

We shall not deal with the methods by which these results 
are arrived at, but simply consider the question of designing the 
wheel when they have been decided. In doing this, we notice 
that the wheel is most economically designed when the greatest 
mass is at the greatest distance from the centre of the shafts and 
this means that the mass should be concentrated as far as pos- 
sible at the wheel rim. Purely practical conditions decide the 
diameter of the wheel in individual cases, and we shall assume 
the diameter is given as well as the sizes of the boss and spokesj 
and the greatest width of the rim« 
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EXAMPLES. 

EX. 2. — Make working drawings to a scale of 1^" = 1', of a 
cast-iron flywheel for use with the engine of Ex. B, Fig. 179. 
Shaft, 3f" diameter; boss, 7" diameter, 7^" long; six spokes, 
elliptical section, Sf" x 2" at boss, tapering to 3" x 1^^" at rim; 
outside diameter of wheel 5' 6'', width 8", rim to have inside 
flanges If* wide from inside of rim and -J^" thick. Total weight 
of wheel 8 cwts. 

(lo drawing the wheel it will be found that the spokes meet before reach- 
ing the boss. They must be made to curve into what may be called a 
second boss, having a width equal to the spokes at that part, and a 
diameter so that a curve of about 2" radius will join two spokes and the 
boss. After drawins; as much as is given in the question, the weight of the 
parts drawn must be found, and the difference oetween the wheel weight 
and their weight will be the weight of the wheel rim, which must then be 
designed of a civen thickness, knowing its width, so as to weigh that 
amount. It will be noticed that until the thickness of the rim is known, 
the real length of the spokes is not really known from which to find their 
weight, but it will be sufficiently near to assume that they reach to the 
outside of the wheel 

The drawing of .a flywheel should show a view looking on all the spokes, 
and a second view looking on the wheel rim, half of which should be a 
section through the rim and boss. ) 

EX. 3. Make working drawings to a scale of IV' = 1' of a fly 
for a gas engine. Shaft 44'' diameter. Boss 9^' diameter, 8^" 
long. Six curved spokes of elliptical section 4f " x 2|" at boss, 
3f " X 2^" at rim ; outside diameter of wheel 5' 10", width of 
rim 8", rim of T section central web about 3" thick and 5|" deep. 
TotaV weight 22 cwts. 

(217) Counterbalance Weights. — Quick speed engines run 
much more smoothly when weights are attached to the crank 
webs on the opposite side to the crank pin, to balance the weight 
of the parts acting at the pin. It is usual to take half the weight 
of the connecting-rod as acting at the crank pin, and the other 
half as acting at the crosshead. The weight of the crank pin, 
the crank webs beyond the shaft, and half the connecting-rod, are 
then taken as rotating about the shaft centre at a radius equal 
to the crank length, while the weight of the piston-rod, cross^ 
head, and the other half of the connecting-rod are supposed to 
act together along the centre line of the engine. The former 
affect the balance both in the line of the stroke and also at right 
angles to it, but the latter only influence the balance in the 
direction in which they move — that is, in the line of the stroke. 
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In vertical' engines a want of balance at eight angles to the line 
of the stroke is found to be most injurious, and in a horizontal 
engine a want of balance along the line of stroke. Both cannot 
l)e balanced at the same time, and hence for vertical engines we 
consider the former and for horizontal engines the latter. If the 
total weight concentrated at the crank pin = W, "the total weight 
concentrated at the piston = W j, the counterbalance weight = Wg, 
the crank radius = r, and the distance of the centre of gravity of 
the counterbalance weight from the shaft centre = d, then to pro- 
duce balance at right angles to the line of the stroke — 

Wa X d = W X r. 

Hence for vertical engines we use this rule to find Wg x d, so 
that their product is equal to W r. For horizontal engines, Pro£ 
Tin win states that a usual rule is — 

Wj X d = t (W + Wi) r. 

These rules are only approximate, for it is not absolutely correct 
to suppose the connecting-rod divided as in the above, nor ought 
we to take the centre of gravity of the counterbalance weight 
instead of more accurately its radius of gyration; but such a 
method is always adopted in work of this kind, the really accu- 
rate methods not giving results which differ sufficiently to make 
the difference at all practically appreciable. 

That this latter statement is true will be recognised when we 
point out that the volume of the counterbalance weight required 
in order to fulfil the above conditions is often too great for prac- 
tical adoption, and that the designer has to be satisfied with only 
balancing a part of the unbalanced masses. This we see when 
we know that the width of a counterbalance weight should not 
much exceed the thickness of the crank web, otherwise it will 
foul the connecting-rod end, nor should its distance from the 
shaft centre be greater than the most distant part of the connecting- 
i*od at the crank, otherwise it requires an increased clearance from 
the engine bed-plate. 



EXAMPLES. 

EX. 4. Design oounterbalance weights for the crank shaft of 
the vertical engine, Ex. A (see Fig. 178 and Ex. A 7, Section 
XXX.), to form a continuation of the crank webs, and to balance 
the crank pin, crank webs, and half weight of connecting-rod 
concentrated at the crank. 

EX. 5. Design counterbalance weights for the crank shaft of 
the horizontal engine, Ex. £ (see Fig. 196 and Ex.B 7, Section xxx.), 
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to form a ooatinoation of the crank websy and to bolaaoe Uie 
emok pin and webs onl j, 

(First calcnlate weight of pin and webi, then find weight required if at a 
distanee equal to the crank radius. See how this weight will distribute in 
width and thickness, and if badly take a less or ^eatw length for distance 
of centre of gnwity of weighty and distribute again.) 
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Miscellaneous Examples nr Dbawing astd Desigot or Maohikb Pakts, 

SELECTED TBOM EXAMINATION PaPEBS OF THE SCIENOE Aim AbT 

Depabtmekt, and Yictobia UiriyBBsnT. 

EX. 1. — A foundation bolt of diameter df\ with a square end, is lecnved 
by means of a cotter (see Fig. 131), Find the dimensions of the bolt and 
cotter, in terms of d, in order that the shearing stress on the ootter may be 
three-fourths, and the intensity of the bearing pressure on the cotter twice 
the tensional stress on the bolt. {8 and A, H,, 18S6.) 

EX. 2. — A wrought-iron shaft is required to transmit 80 H.P. at 100 
reyolutions per minute. Draw one of the halves of a cast-iron face-plate 
coupling for the shaft, and a bolt for connecting the two halves of the 
coupling together. Scale, 4 full size. {Vict, Hon, B.Sc, 1889.) 

EX. S. — ^Determine the diameter of the 8 bolts of a flange coupling for a 
shaft 14" diam. , which is subjected to torsion only, the diameter of the bolt 
circle being 23". Draw and dimension the couplmg. {8, and A. ff,, 1887.) 

£X. 4. — Determine the necessary depth of the rectangular section of the 
guide bar. of an engine, in order that the maximum stress in the material 
may not exceed 5 tons per square inch. Total pressure of steam on 
piston = 25 tons, length of connecting-rod = twice stroke, width of guide 
bar = 10*. The greatest obliquity of the connecting-rod may be taken to 
occur when the guide block is at the centre of the span of 4'. (8. and A, JET., 
1892.) 

EX. 5. — ^Make working drawinss of a connecting-rod end of the marine 
type (Fig. 189). Diameter of rod 2^', of crank pin 4'. {Via. Hon. B, 
Sc, 1890.) 

EX. 6.— Design a double chain-riveted (Fig. 1425) cover plate joint for 
boiler plates l" thick, and discuss the proportion which the strength of the 
joint will bear to that of the plates. ( Vict. Hon, B. 8c., 1890.) 

EX. 7. — A tie rod for a roof is to be designed to stand a tension of 
3 tons, with a stress of 4 tons per square inch. It is forked and fastened 
by a pin to the plate which is 1' thick. Design and draw the end of the 
rod— full size. {Vict. Hon. B. 8c., 1892.) 

EX. 8. — ^Draw a stuffing box and gland for the upper cover of a vertical 
steam cvlinder from the following data : — Piston-rod 3' diameter, cylinder 
cover lY thick, gland 5' deep, gLind bolts (two) 1" diameter. The gland 
to be of cast iron, and both gland and cylinder cover to be bushed with 
brass. {Via, Hon. B, 8e., 1892.) 

EX 9. — ^Draw a cast-iron flange coupling to the following dimensions. 
Scale, half full size :— 
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Diameter of shaft 3', diameter of boas of shaft 3|', diameter of boss of 
coupling 7") diameter of bolt circle 10^", six {■" diameter bolts, coupling 
9" long, flano^s ly thick. Show suitable keys for attaching the flanges to 
the shafts. The bolt heads and nuts need not be sunk into the flanges, 
(Vict. U, Ord., 1892.) 

EX. 10. — Make a full-size drawing of a knuckle joint for connecting two 
wronght-iron bars of IV' diameter. {Vict, U. Ord., 1892.) 

E£ 11. — ^A steam ensine has a piston of 100 per square inch area, stroke 
ly, connecting-rod 3^' long. The steam pressure during admission is 60 
lbs. per square inch absolute, and the back pressure 5 lbs. per square inch, 
cut-off at \ stroke. Desicn and draw a crosshead for the engine to work 
between two parallel guide bars. ( Vict. U, Hon,, 1891.) 

EX. 12. — Dre^w a cast-iron pulley, with six curved arms, from the fol- 
lowing data : — Extreme diameter 40'', width of rim 9", thickness of rim at 
edge f\ diameter of shaft 4", thickness of boss 1^'', length of boss 6'', sec- 
tion of arms at boss 2^' x If. Scale, i, {Vict. U. Ord., 1891.) 

EX. 13. — Design and draw the crank end of a connecting-rod of the 
marine type from the following data : — Diameter of steam cylinder 24", 
initial pressure of stekm 100 lbs., diameter of crank pin 5|", length of 
crank pm 7". Scale, 6" = 1'. ( VUt. U. Hon., 1888.) 

EX. 14. — ^Two lengths of a mild steel rod of rectangular sectioD, 7" x 1", 
are to be connected by means of a riveted butt joint with a cover plate on 
each side. Design and draw the joint and estimate its efficiency. {S.. <k A, 
H., 1893.) 
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INDEX OF PART 11. 



A 

AiB pamps, 300 ; size of, 304. 
Angle bars, 213, 214. 



B 



Bars and plates, connection of, 214. 
Bars, rolled ; sections of, 213. 
Bearing, footstep, 228. 

,, for batn lubrication, 230. 
Bearings, brasses or steps for, 221. 
methods of lubrication, 

218, 219. 
pedestals, 220 to 227. 
practical limitsof pressure, 

220. 
seat of pressure, 218. 
Bolts and nuts, table of, 165. 
„ connection of flanges by, 178. 
„ for shaft couplings, 201. 
„ pitch o^ in covers and flanges, 

181. 
„ strength of, 177. 
9, use of, 175. 
9, working stress on, 18L 



ft 






tf 



Castings, i59. 
Channel bars, 214. 
Cocks, 240 to 244 ; steam, 241 ; water, 
242; three-way, 242; pro- 
X>ortions and construction 
of, 242. 
9, handles for, 251. 
9, stuffing boxes for, 238. 
Colouriug and shading, 157. 
Condensers, 300 to 307 ; jet, 301 ; 

valves for, 301 ; sizes of, 304. 
Connecting-rods, 282 to 286 ; length 






of, 287 ; lubrication of brasses in, 
286. 

Construction, cost of, 158. 

Cottered joints, 191 to 193. 

Cotters, sizes and use of, 191, 195. 

Counterbalance weights, 314. 

Couplings, bolts for, 201. 

box or muff, 198. 
But1er*s friction, 199. 
flange, 199. 
solid, 201. 

Covera, pitch of bolts in, 181. 
,, thickness of, 181. 

Crank-shaft pedestals, 224 to 227. 

Crank shafts, 297 to 299 ; counter- 
balance weights, 298, 314; bear- 
ings for, 298 ; length of, 310. 

Crank pins, pressure on, 289; length 
and aiameter of, 289. 

Crosshead pins, pressure on, 288; 
lenffth and diameter of, 289. 

Crossneads, 281 to 283; slipper guide, 
281 ; box, 282. 

Cylinders for steam engines, 257 to 
269 ; clearance in, 264 ; size of 
ports and pipes, 264; thickness 
of metal, 266; details of, 266. 



Deliveby valves, 301. 
Design, 158. 
Drawings, 153. 

dimensioning, 156, 179. 

general arrangement, 3il« 

number of views, 154^ 

scale of, 15 
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EOOBDTRIO-BODS, 29& 
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Eooentrics, 292 to 295; pressure on 
sheave, 293; position upon crank 
shafts, 294; size of sheave and 
strap, 294. 

Engine framing, 307. 

Expansion valve, 277. 



Flanged plates, 215. 
Flanges, pitch of bolts in, 181. 

„ thickness of, 181. 
Flywheels, 313. 
Footstep bearing, 228. 
Forces, measnrement of, 161. 
Framing of steam engine, 307. 
Friction of slide valves, 275. 
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General arrangement of drawings, 

311. 
Gib and cotter, 194. 
Gland for stufiSng boxes, 237. 
Guide bars, 281 to 283. 

„ blocks, 281 to 283; pressure 
on, 288. 
Guides for valve-rods, 295. 



H 



Handles for cocks, 251. 
Handwheels for valves, 251. 
Holes, clearing and fitting, 176. 
Hydraulic ram, stufing tox for, 238. 



Indiabubber disc valves, 244. 



Jet condenser, 301. 
Joints, cottered, 191. 

„ knuckle, 188, 189. 

„ pin, 190. 
Journals, 216. 

friction of, 216, 217, 218. 
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Keys, 196, 197. 

Knuckle joints 188, 189, 190. 



Lap of slide valve, 274. 
Lead of slide valve, 274. 
Lines, centre, 155. 
„ dotted, 155. 
Lock-nuts, 170. 

Lubrication, bath, 218 ; pad, 218 ; 
needle, 219 ; siphon, 
219. 
of connecting - rods, 

286. 
value of dififereut 
methods, 219. 



i> 



»f 



Materiaus, strength of, 162. 
,, stresses in, 160. 

Measurement, units o^ 163w 



N 



Nura, covered, 173. 

drawing of, 169. 
methods of locking, 17L 
sizes of, 165. 
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Packing for stuffing boxes, 236. 
Pedestal bearings, 2*20 to 227. 
Pin-joint, 190. 
Pipes, cast-iron, 183. 

connections of, 183, 184, 185, 
186. 

copper, 183. 

strength of, 182. 

wrought-iron and steel, 183. 
Piston rings, 270. 

rods, 272 ; length of, 310. 

speed, 255. 

valve 276. 
Pistons, 269* to 272; relation of» 
diameter to stroke, 256; rings for, 
270; rods for, 272. 
Pitch of screw thread, 165. 
Plates, strength of, for riveted 

joints, 207. 
Plummer blocks, 220 to 227. 
Pressure cm slide valves, 275. 
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IliYETED joints, lap joints, 205 ; butt 
joints, 206; lap and cover plate, 
206; butt straps, 211; lozenge 
joint, 211 ; connection of four 
plates, 213; bars and plates, 214; 
flanged plates, 215. 
Hiveted joints, efficiency of, 212. 

pitch of, 208, 210. 
strength and propor- 
tions of, 208, 209. 
strength of plates for, 
207. 

Rivets, forms of, 203, 204. 
BoUed bars, sections of, 213. 



Save ALLS for bearings, 231. 

Sections, 154. 

Screws, use of, 175. 

Screw threads, forms of, 166-168. 

„ pitch of, 165. 

Shaft couplmgs, 198, 199, 200, 201, 

202. 
Shaft pedestals, 220 to 227. 
Shafts, journals of, 216. 

„ wall brackets for, 231, 232. 
Slide valve rods, 295 ; length of, 310. 
Slide valves, 273; lap and lead of, 

274 ; travel of, 274. 
Slipper guide for crosshead, 281. 
Steam engines, design of, 253 ; horse- 

powerof, 255; piston 
speed of, 255; ratio 
of piston diameter to 
stroke, 256. 
„ framing for, 307 ; 
length of rods for, 
310. 
pipes for cylinders, sizes of, 

265. 
ports, sizes of, 264. 
Studs, use of, 175. 
Studs and screws, connection by, 
179. 
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Studs and screws, distance from 

edge of metal, 
179. 
„ „ distance to 

screw into 
metal, 177. 
Stuffing-boxes, 234 to 239. 

,, for valves and cocks, 

238 ; for hydraulic 
ram, 238. 
Suction valves, 301. 



Tee bars, 213, 214. 
Travel of slide valve, 274. 



U 



Union joint, 186. 

Units of measurement, 163. 



Valves, 244 to 252; indiarubber 
disc, 244 ; lift, 245 ; stop, 
247, 249; sluice, 250; 
handwheels for, 251. 
„ slide, 273; piston, 276; 
expansion, 277 ; friction 
of, 275. 
„ for jet condenser, 301. 
„ stuffing-boxes for, 238. 
Valve rod guides, 295. 

„ rods, 295 ; length of, 310. 
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Wall brackets for shafts, 231, 232. 
Washers, 172. 

Working stress in bridge and boiler 

work, 212. 
„ in materials, 163. 



Zed bars, 214. 
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iNTBBlSTiNa books of the kind we have f^wi."—A1hencBum. 

"Eedolent with the scent of woodland and meadow."— TA« Stamdurd, 



With 12 Full-Page llluatrationa from Photographs. Cloth. 
Second Edition, Revised, da, 6d. 

OPEHIH STUDIES 111 GEOLOGY: 

An Introduetion to Geology Out-of-doors. 

By GRENVILLE A. J. COLE, F.G.S., M.R.I.A., 

Professor of Geology in the Soyal College of Science for Ireland, 
and Examiner in the XTniyersity of London. 

Gbne&al Contents. — The Materials of the Earth — A Mountain Hollow 

— ^Down the Valley — Along the Shore — Across the Plains — Dead Volcanoes 

—A Granite Highland— The Annals of the Earth-^The Surrey Hills— The 

Folds of the Mountains. 

**Tbe FABOiNATiiro 'Opbn-Aib iSTUDixs' of Prof. Cols giye the sabjeot a olow of 
■ANiKATiON . . . cananot fat) to arouse keen inierest in geology."— Oeologkal Magtuim, 
''A CHABMiKa book, beautifully illustrated." -.^^Aenanim. 



Beautifully ll/uatrated. With a Frontispiece in Colours, and Numerous 
Specially Drawn Plates by Charles Whymper. 7s. 6d, 

OPEH-fllH STUDIES m BlKD-IilFE : 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXON. 

The Spacious Air.— The Open Fields and Downs.— In the Hedgerows.— On 
Open Heath and Moor.— On the Mountains.— Amongst the Evergreens. — 
Copse and Woodland.— By Stream and Pool.— The Sandy Wastes and Mud- 
flats. — Sea-laved Rocks. — Birds of the Cities. — Index. 

"Enriched with excellent illustrations. A welcome addition to all libraries."— J^'iff/- 
^nster Review. 

lONDON: CHARLES 6RIFFIN A CO., LIMITEIl. EXETER STREET. STRAW 
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Third Edition, Revised and Enlarged. Large Crown 8vo, with numerooa 

Illustrations. 3s. 6d. 

THE FLOWERING PLANT, 

WITH A SUPPLEMENTARY CHAPTER ON FERNS AND MOSSES, 
As Illustrating the First Principles of Botany. 

By J. R. AINSWORTH DAVIS, M.A., F.Z.S., 

Prof, of Biology, University College. Aberystwyth ; Examiner in Zoology, 

Unifvcrsity of Aberdeen. 

'* It would be hard to find a Text-book which would better guide the student to an aocurat* 
knowledge of modern dxMOvcries in B«taay. . . . The scikntific accukacy of statemeoc, 
and the concise ejrooaitioB of first fkinciplbs make it valuable for educational imrposes. In 
ijkit chairter cm the PhyBiology of Flowow, an mdmirabU rintmi, drawn from Darwin, Hermann 
lilQler, Kemer, and Lubbodc, of what is known of the Fertilisatioa of Flewers, is given. **■ 
Journal of Botany. 



POPULAR WORKS ON BOTANY BY MRS. HUGHESGIBB. 

With niustrations. Crown Svo. Cloth. Sb. 6d. 

HOW PLANTS LIVE AND WORK: 

A Simple. Intpoduetion to Real Life In the Plant- world. Based on Lessons 

oriflrinally griven to Country Children. 

By ELEANOR HUGHES-GIBB. 

%* The attention of aU interested in the Scientific Training of the Toung is requested to thi» 
OIUCHTFULLT FUtsH and CHA&MiiTO UTTLB BOOK. It ought to be in the hands of every Mother 
and Teacher throughout the land. 

" The child's attention is first secured, and then, in language simplb, tbt icibntificallt 
400rKATB,the first lessons in plant-life are set before it."— Natural Seienee. 

" In .every way well calculated to make the study of Botany atvbactivb to the young."-' 
9oot$mmn 



"With Illustrations. Crown 8vo. Gilt, 2s. 6d. 

THE MAKING OF A DAISY j 

"WHEAT OUT OF LILIES;" 

And other Studies from the Plant World. 
A Popular Introduction to Botany, 

Bt ELEANOR HUGHES-GIBB, 

Author of How Plantt Live and Work. 

** A BBIOHT little introduction to the study of FlowenB."-^oc(rna^ 0/ Botany. 
^ The book will afford real assiatance to those who can deriye pleasure from the study of 
Hftftnre in the open. . . . Tha literary style is commendable."— iTnotrM^e. 

LONDON ; CHARLES GRIFFIN & CO., LIMITED. EXETER STREET. STRAND. 
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Heat Efficiency of, Bryan Donkin, 
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Prof. Robinson, 
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Fuel and Water, 
Machinery and Millwork, 

Pumping Machinery, . 

Hydraulic Machinery, . 

Grinding Machinery, . 

Lubrication and Lubricants, Archbutt k Dbbley, 

Rules and Tables, Rankinb and Jamibson, 

Bonus Tables, H. A. Golding, . 

Electrical Pocket-Book, Munro and Jamibson, 
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Third Edition, Revised, with an Additional Chapter on Foundations, 
Numerxms Diagrams^ Examples, and Tables, Large %vo. Cloth, \ts, 

THE DESIGN OF STRUCTURES: 

A PPA«tt««l TyatI— on th« Bulldlnff of Bpldffes, 



By S. ANGLIN, C.E., 

:, Royal Uniyersity of Ireland, late Whitworth Scholar, &c 



"Stadaatt of Bngineerinc will find this Text-Book xwtijjjKKUB.r'—Artkiitei, 

"The anthar has certunly sucoeeded in producing a tmoboughlv nuicncAL Text- 
BooIc^-AmU^. 

"We can unhesitatingly recommend this work not cmly to the Student, as the bbst 
Tbxi^Boox on the subject, but also to the professional engineer as an bxckbdingi.v 
▼ALUABLS book of rtS.txtxMt,^^—'M§chamcal World, 



Thikd Edition, Thoroughly Revised, Royal 8iv. With numtrmu 
lUustraH^Hs and 13 Lithographie Plates, Handsome Cloth, Priee jOf. 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION: 

Being a Teit-Book on the Constraction of Bridges in 

Iron and Steel 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, M. Inst.CE., 

Pro£ of Engineering, Uniyersity College, Dundee. 



General Contents. — Part I.— Elementary Statics. Part II. — 
General Principles of Bridge-Construction. Part III. — The Strength of 
Materials. Part IV. — The Design of Bridges in Detail. 

"The new edition of Mr. Fidler's work will again occni)y the same oon- 
BPiouous position among professional text-books and treatises as has been 
acoorded to its predecessors. The instruction imparted is bound, simple, 
and full. The volume will be found valuable and useful alike to those who 
may wish to study only the theoretical principles enunciated, and . . . 
to others whose object and business is . . . practical." — The Engineer, 

UNDON : CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STRAND. 
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Just Out. In Large 8vo. Handsome Cloth, Gilt, Uniform with 

Stability of Ships and Steel Ships (p. 38). With 34 Folding 

Plates and 468 Illustrations in the Text. 30s. net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSON CUNNINGHAM, B.E., Assoc. M.Inst.C.E., 

Of the Engineers* Department, Mersey Docks and Harbonr Board. 



GENERAL CONTENTS. 

Historical and Discursive. — Dock Design. — Constructive Appliances. — 
Materials. — Dock and Quay Walls. — Entrance Passages and Locks. — 
Jetties, Wharves, and Piers. — Dock Gates and Caissons. — Transit Sheds 
and Warehouses. — Dock Bridges. — Graving and Repairing Docks. — 
Working Equipment of Docks. — Index. 

" Will be found indispensable to all whose business leads them to deal with docks or 
dock matters. The Author has spared no pains to treat the subject exhaustively. We 
have never seen a more profusely-illustrated treatise. It is a most important standard 
work, and should be in the hands of all dock and harbour engineers." — Steamship. 

"Will be of the greatest service to the expert as a book of reference." — Engineer] 



Third Edition. In Two Parts, Published Separately. 

A TEXT-BOOK OF 

Engineering Drawing and Design 

Vol. L — Practical Gbometrt, Plane, and Solid. 38. 

Vol. II. — Machine and Engine Drawing and Design. 4s. 6d. 

BY 

SIDNEY H. WELLS, Wh.Sc, 

▲.M.IHBT.aS.. ▲.M.IirsV.IClCH.B., 

Prkidipal of the Battenwa Polvtechnie Inatttata, and Head of the Sngineering Department 

therein ; formerly of the Engineering Departments of the Torkshlre OoUege, 

Leeds ; and Dolwich College, London. 

With many lUuatrations, specially prepared for the Work, and nunt^rou$ 
Examples, for the Use of Students in TechnMoi Schools and Colleges, 

" A CAPITAL TSZT-Boox, arranged on an ixcilunt stbtxm, calculated to give an-taiteUlctnt 
grasp of the autaject, and not the mere faculty of mechanical copying. . . . Hr. Weill shows 
Cow to make ooicplitb working-dba wings, discuasing ftUly each step in the design."— .l2«oCrldal 



'* The first book leads basilt and natukallt towards the second, where the technical p«vU 
is bronght into contact with large and more complex designs."— 2%« Schoolmatter. 



LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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Works by BRTAN DONKIN, H.Inst.C.E., H.InstMeeh.E., &e. 

■ 

Fourth Edition, Revised and Enlarged. With additional 

Illustrations. Large 8vo, Handsome Cloth. [At Press. 

GAS, OIL, AND AIR ENGINES: 

A PFa4itieal Text -Book on Internal Combustion Motors 

without Boiler. 

By BRYAN DONKIN. M.Inst.C.E., M.Inst.Mech.E. 

Gbmbkal Contbnts.— Gas Engines:— General Description— Hutory and Derelop- 
fOttit — British, French, and German Gas Engines — Gas Production for Motive Power— 
Tlieory of the Gas Engine — Chemical Composition of Gas in Gas Engines— Utilisation •£ 
Heat— £x|plodon and Combustion. Oil Motors :—Histonr and Development— Various 
Types -ftie^man's and other Oil Engines. Hot-AlP BngUlM :— History and Develop- 
Bent— Various Types: Stirling's, Ericsson s, &c, &c 

"The BBST BOOK NOW FUBLisHBD On Gas, Oil, and Air Engines. . . . Will be of 
▼BBY 6RKAT INTBRBST to the numerous practical engineers who have to make themselves 
familiar with the motor of the dajr. . . . Mr. Donkin has the advantage of lomg 
ntACTiCAi. EXPBRiBNCB, Combined with high scientific and kxpbbimbntal knowlbdgb, 
and an accurate perception of the requirements of Engineers." — Tk4 Engituet. 

"We hbartily rbcommxnd Mr. DonUn's work. ... A monument of carefnl 
labour. . . . Luminous and comprehensive.** — JtmrnAlofGas LighHni 

" A dunroughly rbliablb and kxhaustivr Hx^sAha^'^—Eneineering, 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCYOF STEAM BOILERS 

(LAND, MARINE, AND LOCOMOTIVE). 

With many Tests and Experiments on different Types of 

Boilers, as to the Healing Value of Fuels, &e., with 

Analyses of Gases and Amount of Evaporation, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

Gbnbilal Contents. — Classification of different Types of Boilers— 
425 Experiments on English and Foreign Boilers with their Heat Efficiencies 
diown in Fifty Tables — Fire Grates of Various Types — Mechanical Stokers — 
Combustion of Fuel in Boilers — Transmission of Heat through Boiler Plates, 
and their Temperature — Feed Water Heaters, Superheaters, Feed Pumps, 
&c. — Smoke and its Prevention — Instruments used in Testing Boilers — 
Marine and Locomotive Boilers — Fuel Testing Stations — Discussion of the 
Trials and Conclusions — On the Choice of a Boiler, and Testing of Land, 
Marine, and Locomotive Boilers — Appendices — Bibliography — Index. 

With Plates illustrating Progress made during recent years^ 
and the best Modem Practice, 

" Probably the most bxhaushyb rtutni that has ever been collected. A PBAonoAL 
Book by a thoroughly practical man.'*— /ron and Coal Tradet Review. 

LONDON : CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, STRAND, 



BNQINBERINO AND MEOHANWb. 29 

Thuio BDmoif, Bit9it€d and EtHarftd, . Pocktt-SiMe, leather ^ VU. Cd.; m/m larger Size for 

0Jle4 Use, CMh, 13«. M. 

Boilers, Marine and Land: 

THEIR CONSTRUCTION AND STRENGTH. 
A Handbook of Rulbs, FoBMULiS^ Tables, Ao,, belatitb to MATXRUfti 

SOANTLXNGB, AND PlUESSUBES, SAFBTT VaLTBS, SfBINGS, 
FITTINO8 AND MOUNTINOS, &a 

FOR THE USE OF ENGINEERS, SURVEYORS, BOILER-MAKERS, 

AND STEAM USERS. 

By T. W. TRAILL, M. Inbt.O.E., F.E.RN., 

Late Sngineer Stmreyor-in-Ohief to the Board of Trade. 

*«* To THB Second and Thibd Editions many New Tables for Prbssuse, 

up to 200 Lbs. per Squabe Inch have been added. 

**Thb most taluablb work on Boilen publlahed in England."— <8%ii)t>ift<7 World. 

Oontains an Eho&moub Quantity ov Invobh ation arrranged in a very convenient form. . 
A most ubxful volumb . . . supplying infonnation to be had nowhere else."— The Engineer. 



Fourth Impression, Large Crown 8vo. With numerous lUustrations. 68. 

ENGINE-ROOM PRACTICE; 

A Handbook for Ens^neers and Officers in the Royal Navy 

and Mercantile Marine, Includinsr the Manasrement 

of the Main and Auxiliary Engines on 

Board Ship. 

By JOHN G. LIVERSIDGE, 

Bngineer, K.N., A.M.I.C.E., Instructor in Applied Mechanica at the Royal Naral 

College, Greenwich. 

Con<e»<«.— General DoBcriptlon of Marine Machinery.— The ConditionB of Service and 
Dntiee of Engineers of the Boyal Navy.— Entry and Oonditions of Service of Engineers of 
the Leading S.S. CompanieB.— Baiaint? Steam —Duties of a Steaming Watch on Engines 

and BoilerB.— Shutting off Steam.— Harbour Duties and Watches Adjustments and 

Bepairs of Engines. —JPreservatio' and Itepairs of "Tank" Boilers.— The Hull and its 
Fittings.— Gleaning and Paintinr Machinery — Beciprocating Pumps, Feed Heaters, and 
Automatic Feed -Water Begulators. — Evaporators. — Steam Boats. — Electric Light 
Machinery.— Hydraulic Machinery.— Air-Compressing Pumps.— Befrigerating Machines. 
—Machinery of Destroyers.— The Management of Water-Tube Boilers.— Begiilations for 
Entry of Assistant Enc^neers, B.N.— Questions given in Examinations for Promotion of 
Engineers, B.N.— Begulations respecting Board of Trade Elxaminations for Engineers, Ae, 

" The contents oanitot vajl to bk afpbsciatsd."— 7!A« Steamship. 

'' This VKKTUSETDL BOOK. . . . ILLUSTRATIONS are Of OKKAT IKPOBTAKOS iO a WOrk 

of this kind, and it is satisfactory to find that bpkcial attbktion has been given in this 
napeat.*'— Engineers' Gazette. 



In Crown Svo, eostra, loith Numerous Illustrations, [Shortly, 

GAS AND OIL ENGINES: 

An Introdnctory Text-Book on the Theory, Design, Construction, 
and Testing of Intemsd Combustion En^es williont Boiler. 

FOB THE USE OF STX7DENTS. 

By Prof. W. H. WATKINSON, Whit. Sch., 1i1Inst.MeohJ!L, 

Glasgow and West of Scotland Technical College. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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SBCX>in> Edition, Revised. With nnmerous Plates reduced from 
Working Drawings and 280 Illustrations in the Text. 218. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Praetieal Text-Book for the Use of Engine Bailden. 

Desisrneps and Draughtsmen, Railway 

Engineers, and Students. 

BY 

WILLIAM FRANK PETTIGREW, M.Inst.QE. 

With a Seotion on American and Continental Engines. 

By albert F. RAVENSHBAR, B.Sc., 

Of His Majesty's Patent Offloe. 

CSoiiiMM. ~ Historical Introdnotlon, 1768-1808. — Modem LocomotiTes : Simple.— 
Modem LoeomotiTes : Oompoand. - Frimary Consideratioii in Locomotive Design.— 
Cylinders, Steam Ohests, and Stofflnff Boxes.— Pistons, Piston Bods. Orossheads, and 
SUde Bars.— Oonnecting and Coupling Bods.- Wheels and Axles, Axle Boxes, Homblocka, 
and Bearing Springs.— Balancing.— valve Gear.— Slide Valves and Valve Gear Details.— 
Framing, Bogies and Axle Trucks, Badial Axle Boxes.— Boilers.— Smokebox, Blast Pipe, 
Firebox Fittmgs. —Boiler Mountings.- Tenders. Bailway Brakes.— Lubrication.— Cion- 
sumption of Fuel, Evaporation and Engine EfBcienoy.— American Locamotives.— Con- 
tinental Locomotives.— Bepairs, Bunning, Inspection, and Benewals.— Three Appendloee. 



"Likely to remain for many years the Stavdabd Wobx for those wishing to learn 
Design.'*— fnaiiiMr. 

'* A most interesting and valuable addition to the bibliography of the LoeonMttve."— 
Btriiway Official Ooietf. 

'* We recommend the book as thobooohlt pkaotioal in its chaiader, and nsrinre a 
TLkom nr ant oollsotiov of . . . works on Looomotiye Engineering."— iSa^Jmiir Ifaet, 

"The work oontaws all that gah bb lbabnt from a book upon such a subject. It 
wlU at onoe rank as thb stavdabd wobk upoh this dcpobtant subjbct.*'— BaiJway Magatimt, 



in Large Svo, Handsome doth. With Plates and lUueiratiwne. 16: 

at home and abroad. 

Bt WILLIAM HENRY OOLE, M.Inbt.O.R, 

Late Deputy-Manager, North- Western Bsilway, India. 

Cofi^ente.— Diflouflsion of the Term '* Light Railways. **~English Railways, 
Rates, and Fanners. — Liji^ht Railways in Belgium, France, Italv, other 
Emopean Conntries, America and the Colonies, India, Ireland. — ^Road Trans- 
port as an alternative. — The Light Railways Act, 1896. — The Question of 
Gauge. — Construction and Working. — Locomotives and Rolling-Stock. — Light 
Railways in England, Scotland, and Wales. — Appendices and Lidez. 

*'Mr. W. H. Oole has brought together ... a labqb amouiit of valuablb xbvobica- 
Bov . . . hitherto practically inaccessible to the ordinary reader.*'— TVffMf. 

** Will remain, for some time yet a Staitoabd Wobk in everything relating to Light 
Bailwavs.*'— J?n(n'n<«r. 

** Ine author has extended practical experience that makes the book lucid and usafuL 
It is BXCBBDIHOLT wcU douc. "'—Engintering. 

** The whole subject is xxhaustivbly and pbaotigallt considered. The woric can be 
oordially recommended as nrpisPBNSABLB to those whose duty it is to become acquainted 
with one of the prime necessities of the immediate future."— Ai<2t0ay O^Mal OeuetU. 

"Thbbb 0O17LD BB HO BBTTBB BOOK of first reference on its subiect. All classes of 
Engineers will welcome its appearance." — Scotsman. 

lONDON : CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRAND. 
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Third Edition, Kevised and Enlarged. With Numerous 

IllustrcbHcms, Price Ss, 6d. 

VALVES AND VALVE-GEARING: 

INCLUDING THE CORLISS VALVE AND 

TRIP GEARS. 

BY 

CHARLES HURST, Practical Draughtsman. 

'* Covau explanations lllastrated by 116 vbbt clsar diaohams and drawings and 4 folding- 
piatM . . . tne book fulfils a VALUABLX function."— ^tAenomtn. 

" Mb. Hvbst'b yalvxs and yALTB-oiABiKO will prove a very valuable aid, and tend te the 
production of Bngines of BCiBiTTiric DBSiGN and xcoNOHiCALWOKKiNO. . . . Will be largely 
longbt after by Students and Designers."— JIfaHiM Engineer. 

" UssriTL and thokouqhlt pbaotioal. Will ondonbtedly be found of orxat yautb to 
Mil ooneemed with the design of Valve-gearing."— i/ecAontca/ World. 

" AtanoBt xvxsT TZFX of VALYB and its gearing is clearly set forth, and illostrated in 
mieh a way as to be bsadilt undkbstood and pbacticallt applied by either the Engineer, 
Draughtsman, or Student . . . Should prove both ubkful and yaluablb to all Engineers 
seeking for bbuablx and ouab information on the subject. Its moderate price brings it 
wffliln the reach of a,lL"-~Indtutries and Iron. 

^ 1^. Hubst's work is adkibablt suited to the needs of the practical mechanic. . . , 
It Is free from any elaborate theoretloal discussions^ and the explanations of the varioos 
types of valve-gear are accompanied by diagrams which render them basilt i7in>BB8TOOD." 
— Tfts 8eimtiAe American. 



Hints on Steam Engrine Desigm and Construotlon. By Chables 

HuBST, "Author of Valves and Valve Gearing." In Paper Boards, 

8vo., Cloth Back. Illustrated. Price Is. 6d. net. 

Contents.— I. Steam Pipes.— 11. Valves.— III. Cylinders.— IV. Air Pumps and Con- 
densers.— V. Motion Work.— VI. Crank Shafts and Pedestals.— VII. Valve Gear.— VIII. 
Lnbrication.— IX. Miscellaneous Details — Iin>EX. 

'*A handy volume which every practical young engineer should possess."— 2%< Model 
Engineer. 



Strongly Bound in Super Royal 8vo. Cloth Boards. Vs. 6d. net. 



For Caleulatingr Wages on the Bonus or Premium Systems. 

For Engineering, Technicai and A Hied Trades, 

By henry a. GOLDING, A.M.Inst.M.E., 

Technical Assistant to Messrs. Bryan Donkin and Clench, Ltd., and Assistant Lecturer 
in Mechanical Engineering at the Northampton Institute, London, E.C. 

"Cannot fail to prove practically serviceable to those for whom they have been 
designed."— 5cot«TOan. 



Second Edition, Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6(L 

eSIFFIN'S ELECTBIOAL PBICE-BOOK : For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c., &c. Edited by H. J. Dowsing. 

" The Elbctkical Pricb-Book rbmovbs all mvstbry about the cost of Electrical 
Power. By its aid the bxpbnsb that will be entailed by utilising electricity on a large or 
small scale can be diKOvered.**—Archtiect. 

LONDON: CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET. STRANa 
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Lftrga 8yo, Handsome Cloth. With lUiutrationB, Tables, &c. 2l8. 

Lubrication & Lubricants: 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AND ON THE 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, F.I.O., F.O.S., 

Chemist to the Bfidland Railway Company, 
AND 

R. MOUNTFORD DEELEY, M.I.M.E., F.G.S., 

Chief Locomotive Superintendent, Midland Railway Company. 

i/ONTENTS.— I. Friction of Solids.— II. Liquid Friction or Viscosity, and Plastic 
Ftlction.— IIL Superficial Tension.— lY. The Theory of Lubrication.— V. Lubricants, 
(heir Sources, Preparation, and Properties.— YI. Physical Properties and Methods of 
Examination of Lubricants.— YII. Chemical Properties and Methods of Examination 
of Lubricants.— YIII. The Systematic Testing of Lubricants by Physical and Chemical 
Methods.— IX. The Mechanical Testing of Lubricants.— X. The Design and Lubrication 
of Bearings.- XI. The Lubrication of Machinery.— Indsx. 

" Destined to become a OLASSIO on the Btbject."— Industries and Iron, 
" Contains practically ALL that is known on the subject Deserves the careful 
attention of all Engineers."— itaiZtcay OJldal Guide. 



Fourth Edition. V^ryfuUy lUtuirated. Oloth^ i». 6d. 

STEAM - BOILERS: 

THEIR DSFEGTS, MANAGEMENT, AND OGNSTRUOTIOM. 

By R D. MUNRO, 

Cki^ Engineer of the Scottish Boiler Insurance and Engine Inspection Company. 

Gbmbral Contents. — I. Explosions caused (x) by Overheating of Plates — (a) By 
Defective and Overloaded Safety Valves — (3) By Corrosion, Internal or External — U) By 
Defective Desi^ and Construction (Unsupported Flue Tubes ; Unstrengthened Manholes ; 
D^ective Staymg; Strength of Rivetted Joints; Factor of Safety)— II. Construction op 
Vertical Boilsrb: Shells — Crown Plates and Uptake Tubes — Man-Holes, Mud-Holes, 
and Fire-Holes — Fireboxes — Mountings — Management — Cleaning — Table of Bursting 
Pressures of Steel Boilers — ^Table of Rivetted Joints — Specifications and Drawings <» 
Lancashire Boiler for Working Pressures (a) 80 lbs. ; (3) 200 lbs. per square inch respectively. 

" A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefully studied, and always at hand."— C<7//. Guai^ian. 

" The book is vbrv useful, especially to steam users, artisans, and young EnginecM."— 
Bngifuer. 



Br THE SAMB Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. With Diagram and Coloured Plate. 
Price 3s. 

LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET. STRAND. 
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/n Crown Svo, Handsome Cloth, With Numerous 
Illustrations, ^s. net, 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Practice in General Tool Grinding, 

and the Design, Construction, and Application 

of the Machines Emoloyed, 

BY 

R. B. HODGSON, A.M. Inst. Mech.E., 

Author of "Machines and Tools Employed in the Working of Sheet Metals." 
Introduction. — ^Tool Grinding. — Emery Wheels. — Mounting Emery Wheels. 
— Emery Rings and Cylinders. — Conditions to Ensure Efficient Working. — 
Leading Types of Machines. — Concave and Convex Grinding. — Cup and Cone 
Machines. — Multiple Grinding, — "Guest" Universal and Cutter Grinding 
Machines. — Ward Universal Cutter Grinder. — Press. — Tool Grinding. — Lathe 
Centre Grinder. — Polishing. — Index. 

" Deals practically with every phase of his subject." — Irtmmonger 

" Eminently practical . . . cannot fail to attract the notice of the users of this class of 
machinery, and to meet with careful perusal." — Chetn. Trade Journal. 



Sixth Edition. Folio, strongly half-bonnd, 21/. 

TRAVERSE TABLES: 

Computed to Four Places of Decimals for every Minute 

of Angle up to 100 of Distance. 

For the use of Surveyors and Engineers. 

, i BY 

^RICHARD LLOYD GURDEN, 

Authorised Surveyor for the GoTemments of New South Wales and 

Victoria. 

\* FuMsAed with the C^neurrence i>f the Surveyors- General for New South 

JVales and Victoria, « 



(«■ 



'Those who have eiqperieBGe in exact SuKVsy-woRK will best know how to appreciate 
the eaonnous amount of labour represented by this valuable book. The computatioos 
enable the user to ascertain the sines and cosines for a distance of twelve miles to within 
half aa inch, and this by ssfbrbnck to but Onb Tablb, in place of the usual Fifteen 
minute computations required. This alone is evidence of die qgygtanri^ which the Tables 
ensure to every user, and as every Surveyor in active jMractice has felt the want of such 
assistance few knowing of their publication will remain without them." 

— Engi$tur, 



LONDOM: CHARLES GRIFFIN (& CO., LIMITED. EXETER STREET. STRANDc 
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WOBKS BY 

ANDREW JAMIESON, M.Inst.C.K, M.I.E.E., F.R,S.E., 

Formerly Professor of Electrical Engineering ^ The Glasgow and West of Scotland 

Technical College. 



PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Crown %vo. Fully Illusirated, 

STEAM AND STEAM-ENGINES. For the Use of Students 

preparing for Competitive £xamination& With over 700 pp., over 350 
Illustrations, 10 Folding Plates, and very numerous Examination Papers. 
Fourteenth Edition. Revised throughout. 

"Professor Jamieson fascinates the reader by his clbarnbss op concbptiom and 
•iMPUCiTY of bxprbssion. His treatment recalls the lecturing of Faraday."— ^^A^iv^wm. 
" The Bbst Book yet published for the use of ^toAtoXA.**— Engineer. 

MAGNETISM AND ELECTRICITY. For Advanced and 

" Honours " Students. By Prof. Jamieson, assisted by David Robertson, 
B.Sc, Professor of Electrical Engineering in the Merchant Venturers* 
Technical College, Bristol. \Shorily. 

APPUED MECHANICS & MECHANICAL ENGINEERING. 

Vol. I. — Comprising Part I., with 540 pages, 300 Illustrations, and 
540 Examination Questions : The Principle of Work and its applica- 
tions; Part II.: Friction; Gearing, &c. Fourth Edition. 8s. 6d. 

'* Fully maintains the reputation of &e Author.'*— /'r^w:/. Engineer. 

Vol. II. — Comprising Parts III. to VI., with 608 pages, 371 Illus- 
trations, and copious Examination Questions : Motion and ELnergy ; 
Graphic Statics; Strength of Materials; Hydraulics and Hydraulic 
Machinery. Third Edition. 8s. 6d. 
•*Wkll and lucidly written." — The Engineer. 

%* Each of the above volumes is complete in itself and sold separately, 

PROFESSOR JAMIESON'S INTRODUCTORT MANUALS 

Crown %vo. With IllustrcMons and Examination Papers, 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students. Tenth Eh^iTiON, Revised. 3/6. 
" Should be in the hands of bvbry engineering apprentice." — Practical Engineer, 

MAGNETISM AND ELECTRICITY (Elementary Manual 

of). For First-Year Students. Fifth Edition. 3/6. 

'•A CAPITAL TKXT-BOOK . . . The diagrams are an important feature."— ^<rA«0/MMtf/^«'. 
"A THOROUGHLY TRUSTWORTHY Text-boolc. PRACTICAL and dear." — Nature. 

APPLIED MECHANICS (Elementary Manual of). 

Specially arranged for First- Year Students. Sixth Edition, 
Revised. 3/6. 

"The work has very high qualitibs, which may be condensed into the one word 
* CLBAK.' "—Science and A rt. 

In Preparation. 300 pages. Crown Svo, Profusely Illustrated, 

MODERN Electric Tramway Traction: 

A Text-Book of Present-Day Practice. 

For the Use of Electrical Engvneering Stiidents and those interested in Electric 

Transmission of Power. 

By Prof. ANDREW JAMIESON. 



A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Sixteenth 
Edition. [See p. 49. 

lOMDON : CHARLES GRIFFIN & GOu LIMITED, EXETER STREET, STRAND. 
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WORKS BY 

W. J. MAGQUORN RANKINE, LL.D., F.R.S., 

Late Reglua Professor of Civil Engineering In the Unloerslty of QIaegow. 

THOBOUGHLT BEVISBB BT 

\Sr. J. MIL LAB, C.B., 

Late Secretary to the Institute of Engineers and Shipbuilders In Scotland, 



A MANUAL OF APPLIED MECHANICS : 

Oompriaing the Principles of Statics and Cinematics, and Theory of 
Stmctures, Mechanism, and Machines. With Nnmeroiui Diagrams. 
Crown Svo, cloth. Seven tbbnth Edition. 12b. 6d. 



A MANUAL OF CIVIL ENGINEERING : 

Comprising Engineering Sarveys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Roads, Railways, Canals, Rivers, Waterworks, 
Harbonrs, &c. With Numerous Tables and Illustrations. Crown Svo. 
cloth. Twbnty-Seoond Edition. 16s. 



A MANUAL OF MACHINERY AND MILLWORK : 

Comprising the Geometry, Motions, Work, Strength, Construction, and 
Objects of Machines, &c. Illustrated with nearly 300 Woodcuts, 
Crown Svo, doth. Seventh Edition. 12s. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS : 

With a Section on Gas, Oil, and AiB Engines, by Bbyan Donkin, 
M.Inst. C.E. With Folding Plates and Numerous Illustrations. 
Crown Svo, cloth. Fifteenth Edition. 12s. 6d. 

lONDON : GHAfilES GRIFFIN & GO., LIMITED, EXETER STREET, STRAND 
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P&or. Rankinb's ^O^JL&^iContinued), 

USEFUL RULES AND TABLES : 

Wot Architects, Builders, Engineers, Founders, Mechanics, Shipbuilders, 
Surveyors, &c. With Appendix for the use of Elsotiiioal Engineers. 
By Professor Jamieson, F.R.S.E. Seventh Edition. 10s. 6d. 



A MECHANICAL TEXT-BOOK : 

A Practical and Simple Introduction to the Study of Mechanics. By 
Professor Rankine and E. F. Bambeb, C.E. With Numerous Illns 
trations. Crown 8vo, cloth. Fifth Edition. 9s. 

S* The " Mbokanioal Text-Book " voa$ duigned by Professor Biunnni at an Ihtbo- 
BOonoN <o the ab»9t Seriet of Manuals. 



MISCELLANEOUS SCIENTIFIC PAPERS. 

Royal 8vo. Cloth, Sis. 6d 

Part I. Papers relating to Temperature, Elasticity, and Expansion of 
7apours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations. Part III. Papers on Wave-Forms, Propulsion of Vessels, &c. 

With Memoir by Professor Tait, M.A. Edited by W. J. Millar, O.E. 
With fine Portrait on Steel, Plates, and Diagrams. 

" No more eaduring Memorial of Professor Rankine could be devised than the pobHca* 
tioB of thew papers in an aacassible form. . . . The Collection is most Taluahk on 
•ecount of the nature of his discoreries, and the beauty and completeness of his analjrsb. 
. . . The Volume exteeds in importance any work In the same department published 
bi oar timit.*'-~AivAiUct, 



SHELTON-BEY (W. Vincent, Foreman to the 

Imperial Ottoman Gun Factories, Constantinople) : 

THE MECHANIC'S GUIDE : A Hand-Book for Engineers and 
Artizans. With Copious TaUes and Valuable Recipes for Practical Use. 
Illustrated. Sicfind EdiiUn, Crown 8to. Qoth, 7/6. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. STRANG 
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Third Edition, Thoroughly Revised and Enlarged. With 60 Plates and 
Numerous Illustrations. Handsome Cloth, j^s. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. C.E., F.G.S., 

FELLOW OF king's COLLBGB, LONDON; PROP. EMERITUS OP CIVIL ENGINEERING, 

king's COLLBGB, BTC, BTC 

Contents — Discharge through Orifices. — Flow of Water through Pipes. — ^Accumulators. 
— Presses and Lifts. — Hoists. — Rams. — Hydraulic Engines. — Pumping Engines. — Capstans. 
— Traversers. — Jacks. — Weighing Machines. — Riveters and Shop Tools, — Punching, 
Shearing, and Flanging Machines. — Cranes. — Coal Discharging Machines. — Drills and 
Cutters. — Pile Drivers, Excavators, &c. — Hydraulic Machinery applied to Bridges, Dock 
Gates, Wheels ,and Turbines. — Shields. — Various Systems and Power Installations- — 
Meters, &c.— Index. 

" A Book of great Profiessi(»aal Uiefalness."— /*v» 



In Large 8t;o, Handsome Cloth. With Frontispiece, several Plates, 

and over 250 lUustralions. 2l9. 

THE PRINCIPLES AND COMSTRUCTIOM OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical lUustrationB of Enoinss and Pumps applied to Mikino, 

Town Water Supply, Drainage of Lands, &o., also Economy 

and Efficiency Trials of Pumping Machinery. 

By henry DAVEY, 

Mtmber of the Institntion of Civil Engineers, Member of the Institntlon of 

Mechanical Engineers, F.G.S., Ac. 

Contents — Early History of Pumping En^es — Steam Pumping Engines*- 
Pumps and Pump Valves — General Principles of Non-Rotative Pumping 
Engines — The Conush Engine, Simple ana Compound — Types of Miwitig 
Engines— Pit Work — Shaft Sinking — ^Hydraulic Transmission of Power in 
Mines — ^Valve Gears of Pumping Engines — Water Pressure Pumping Engines 
—Water Works Enpnes — Pumping Eiu[ine Economy and Trials of Pumping 
Machinery — Centrifugal and other £ow-Iiift Pumps — Hydraulic Rams, 
Pumping Mains, &c.-— Index. 

''By the 'one English Engineer who probably knows more about Pumping Madiinery 

than ANT OTHKK.' ... A VOLUMB BXGOBDINa THE BBSULT8 OF LONO BXPBBXBITCB AKD 

STUDY."— rA< Engiueer. 

'' Undoubtedly THBBK8T Ain) most fbaotical tbbatisb on Pumping Machinery that has 
TBT bbbn fubushbd." — Mining Journal. 

lONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET. 8TRA«A 
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Hoyat 6uo, Handsome Cloth. With numerous llluatrations and Tables. 26s. 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 

nnGHT OP THB IMPERIAL ORDBKS OF ST. STANILAUS OP RUSSIA; FRANCIS JOSBPH OF 

AUSTRIA ; MBDjmiB OF TURKEY ; AND RISING SUN OF JAPAN ; VTCB' 

PRESIDENT OF THE INSTITUTION OP NAVAL ARCHITECTS. 

In order to render the work complete for the purposes of the Shipbuilder, whether at 
home or abroad, the Methods of Calculation introduced by Mr. F. K. Barnes. Mr. Gray, 
M. Ruck, M. Daymard, and Mr. Benjamin, are all given separately, illustrated hy 
TaUes and woiked-out examples. The book contains more than aoo Diagrams, and u 
illustrated by a large number of actual cases, derived from ships of all descriptioiis. 

" Sir Edward Reed's ' Stability op Ships ' is invaluable. The Naval Architect 
will find brought togetner and readv to his hand, a mass of information which he would other 
wise have to seek in an almost en(uess variety of publications, and some of which he wonk* 
possibly not be able to obtain at all fA8ie9rheKe."—SUamship. 



IBE DESIGN AND GONSTBUCTIOK OF SHIPS. By John 
Harvard Biles, M.Inst.N.A., Professor of Naval Architecture in the 
University of Glasgow. [In Preparation, 



Third Edition. Illustrated with Plates, Numerous Diagrams, and 

Figures in the Text. i8s. net. 

STEEL SHIPS; 

THEIR CONSTRUCTION AND MAINTENANCE. 

A Manual for Shipbuilders, Ship Superintendents, Students, 

and Marine Engineers, 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF "know YOUR OWN SHIP." 

Contents. — I. Manufacture of Oaat Iron. Wrought Iron, and Steel.— Com- 
position of Iron and Steel, Quality, Strengtn, Tests, &c. II. Classification of 
Steel Ships. III. Considerations in making choice of Type of VesseL — Framing 
of Ships. rV. Strains experienced by Ships. — Methods of Computing and 
Comparing Strengths of Ships. V. Construction of Ships. — Alternative Modes 
of Uonstructioni — Types of Vessels. — Turret, Self Trimming, and Trunk 
Steamers, &c. — ^Rivets and Rivetting, Workmanship. VI. Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulls of 

Ships. — Cement, Paint, &c.— Index. 

'•* So thoronKli and well written is every chapter in the book that it is difficult to select 
anv of them as being worthy of exceptional praise. Altogether, the work is excellent, and 
will prove of threat value to those for whom It is intended."— 7%« Engineer. 

**■ Mr. Walton has written for the profession of which he is an ornament. His work 
will be read and appreciated, no doubt, by every M.LN.A, and with great benefit by the 
majority of them. —/otfrnaZ of Commerce. 



UNIFORM WITH THE ABOVE. 

THp PRINCIPLES AND PRACTICE OF 

DOCK ENGINEERING. 

By BRYSSON CUNNINGHAM, B.E., M.Inst.CE. 

See p. 27. 

LONDON : CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET, STRAND. 



f 



NAUTICAL WORKS. 39 



GRIFFIN'S NAUTICAL SERIES. 

Editbd by EDW. BLACKMORB,- 

Master Mariner, First Class Trinity Honse Certificate, Assoc. Inst. N.A. ; 

And Wbittbn, haihlt, by Sailobs for Sailob8. 



"This admibable sbbies."— Fatrptoy. "A vert useful sebebs."— 2ira(tMi«. 

"The volumes of Messbs. Obiwin's KAunOAL Sebies may well and profitably be 
read by all interested in our national mabitihb pbogbbss."— if art7i« Enfineer. 

"Eyebt Ship should have the whole Sebies as a Befbbence Libbabt. Hanb* 
60MELT bound, olbablt pbintbd and illustbated. "—i^vevtpoof Joum. of Cwnmerce, 

The British Mereantile Marine : An Historical Sketch of its Biae 
and Development. By the Bditob, Cait. Blaokmobe. 8s. 6d. 
" Captain Blackmore's SPLENDID BOOK . . . contains paragraphs on every point 
of interest to the Merchant Marine. The 243 pages of this book are THE MOST VALU- 
ABLE to the sea captain that have eybb been compiled. "— if «reAant Service Review, 

Elementary Seamanship. By D. Wilson-Babkbr, Master Mariner, 
F.II.S.E., F.KG.S. With numerous Plates, two in Colours, and Frontispiece. 
Thibd Edition, Thoroughly Bevised, Enlarged, and Be-set. With additional 
Illustrations. 6b. 
"This ADMIBABLE MANUAL, by Capt. Wilson Babkeb, of the 'Worcester,' seems 

to us PEBTEOTLT DESIGNED. "—A thentBUm. 

Know Your Own Ship : a Simple Explanation of the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By Thob. Walton, Naval Architect 
With numerous Illustrations and additional Chapters on Buoyancy, Trim, and 
Calculations. Seventh Edition. 7s. 6d. 
" Mb. Walton's book will be found vbby useful."— rA« Engineer. 

Naviflratlon : Theoretical and Practical. By D. Wilson-Babkbs 

and William Allinoham. Second Edition, Bevised. 8s. 6d. 
''Pbeoiselt the kind of work required for the New Certificates of competency. 
Candidates will find it invaluable."— I>u9u2«« Advertiaer, 

Marine Meteorology: For Officers of the Merchant Navy. By 
William Allinqham, Tint Class Honours, Navigation, Science and Art Department. 
With Illustrations, Maps, and Diagrams, and faenmHe reproduction of log page. 
7s. 6d. 
Quite the best publication on this Bubjeot "—Shipping Gazette. 



((i 



Latitude and Longritude : How to find them. By W. J. Millab, 

C.E. Second Edition, Bevised. 2s. 

" Cannot but prove an acquisition to those studying Navigation."— JfaWne Engineer. 

Practical Mechanics : Applied to the requirements of the Sailor. 

By Thos. Mackenzie, Master Mariner, F.B.A.S. Second Edition, Bevised. 8s. 6d. 
'< Well WORTH the money . . . exceedingly helpful. "—.SAippifigr fFor^ 

Trigonometry : For the Young Sailor, &o. By Rich. C. Buck, of the 
Thames Nautical Training College, H.M.S. " Worcester." Second Edition, Bevised. 
Price 8s. 6d. 
'* This BHINENTLT PRACTICAL and reliable yolxuae."—Sehoolma8ter. 



Practical Al&rebra. By Rioh. C. Buck. Companion Volume to tne 

above, for Sailors and others. Price 8s. 6d. 

" It is JUST THE BOOK toY the young sailor mindful of progress. -^Nautieal Kagagine. 

The Legal Duties of Shipmasters. By Bbnediot Wh. Ginsbukg, 

M.A., IX.D., of the Inner Temple and Northern Circuit: Barrister-at-Law. Second 

Edition, Thoroughly Bevised and Enlarged. Price 4s. 6d. 

" Invaluable to masters. ... We can fully recommend it." —Shipping Gazette. 

A Medical and Surgrical Help for Shipmasters. Including First 

Aid at Sea. By Wm. Johnson Smith, E.B.C.S., Principal Medical Officer, Seamen's 

Hospital, e^reenwioh. Second Edition. Thoroughly Bevised. 6s. 

" Sound, judicious, really helpful.^'— rftg Lancet. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES . 

Introductory Volume, Price Ss. 6d, 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

■CASTBR MARINER ; ASSOCIATE OF THE INSTITUTION OP NAVAL ARCHITECTS; 

MEMBER OF THE INSTITUTION OP ENGINEERS AND SHIPBUILJDERS 

IN SCOTLAND; EDITOR OP GRIFFIN'S "NAUTICAL SERIES." 

GsETXRAL Contents.— HiSTOBiOAL : From Early Times to 1486— Progress 
ander Henry "VIII.— To Death of Mary— Durinfi: Elizabeth's Reign— Up to 
the Beign of William III. — The 18th and 19tn Centuries — Institation ot 
EzaminationB — Bise and Progress of Steam Propulsion — Development of 
Free Trade— Shipping Legishition, 1862 to 1875— " Locksley HaU'' Case- 
Shiptmasters' Societies— Loading of Ships — Shipping Legislation, 1884 to 1894— 
Statistics of Shipping. Thb Pebsonnbl : Shipowners— Officers — Mariners- 
Duties and Present Position. Education : A Seaman's Education : what it 
should be — Present Means of Education — Hints. Disciplinb and Dutt^ 
Postscript — ^The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

*' IinsRBsmiQ and Instructivs . . . may be read with PEorrr and shjotmxiit."- 
fflatgow Herald. 

•'Btsxt BRANCH of the subject is dealt with in a way which shows that the writer 
' knows the ropes* familiarly/*->i8eo<«man. 

*'This ADMisABLB book . . . TBKMB with aBcfiil information— Shoold be in tki*> 
lands of eyery Bailor.**— ir<M<0r» Morning If em. 



Third Edition, Thoroughly Revised^ Erdarged^ and Reset 
With Additional Illustrations. Price 6s. 



ELEMENTARY SEAMANSHIP, 

D. WILSON-BABKER, Masteb Mariner; F.R.S.E., F.R.G.S.,&o.,&o. 

TOUHaBB BKOTHEB OF THB TRINITT HOUSE. 

With Frontispiece, Numerous Plates (Two in Colours), and Illustrations 

in the Text. 

General Contents. — The Building of a Ship; Parts of Hull, Masts, 
ko, — ^Bopes, Knots^ Slicing, &c. — Gear, Lead and Log, &c. — Bigging,. 
Anchors — Saihnakmg — The Sails, &c. — Handling of Boats under Sai] — 
Signals and Signalling — Bule of the Road — Keeping and Believing Watch — 
Points of Etiquette — Glossary of Sea Terms and Phrases — Index. 

*** The Tolnxne contains the nsw bulks of thb boad. 

M This ABMntABLB MANUAL, by Oapt. Wilson-Babkeb of the * Worcester/ seems to ns 
raBraoiLT DBBioHBD. and holds its place exoellentlj in * QBiFmr's Nautical Sbbixs.' . . . 
Although intended for those who are to become Officers of the Merchant Navy, it will be- 
round naefnl by all TAcareaav.'^^AttuMntm. 

\* For complete List of Qmwwa'B Nautical Sbbers, see p. 89. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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GRIFFIN'S NAUTICAL SERIES. 

Second Edition, Revised cmd lUuatrcUed, Price Ss, 6d. 

NAVIQATION: 



By DAVID WILSON-BARKER, RN.R, F.R.S.E., &o., &o., 

AND 

WILLIAM ALLINGHAM, 

11BST-CILA£B HOHOUBS, NAYiaAIION, SODBNOB AND ART DBPASTMENT. 

TKnitb Tlumetou6 ^Uuattatfona and Bi^amination (Sluedtfotid. 

GxNEBAL CoNTBNTS. — Definitiona — ^Latitude and Longitude — Instnimente 
of Navigation — Correction of Courses — Plane Sailing — Traverse Sailing — Day's 
Work — Parallel SaiUng — Middle Latitude Sauing — Mercator*s Chart— 
Mercator Sailing — Current Sailing — Position by Bearings— Great Circle Sailing 
—The Tides— Questions — Appendiz: Compass Error — Numerous Useful Hints, 
A^c-^Index. 

** Pbsgisblt the kind of work required for the New Certiflcatas of competency in mdes 
from Second Mate to extra Master. . . . Candidates will find it nrvALUABLB."— ^tMwj« 
Advtrtiier. 

" A CAPITAL UTTLB BOOK . . . ajMoially adapted to the New Examinattens. Tlie 
Anthora are Oaft. Wilson-Baxxxb (Captain-Superintendent of the Nantioal College, H.M.B. 
* Worcester,* who has had great experience in the highest problems of Navigation), and 
Mx. AijjHaBAM, a well-known writer on the Science of Navigauon and Nantioal Ajtronomy.** 
— SMppmff World. 



Handsome Cloth, Fully Illustrated. Price 78. 6d. 

MARINE METEOROLOGY, 

FOB OFFICERS OF THE MERCHANT NAVT. 
By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical and Practical." 

With numerous Plates, Maps, Diagrams, and Illustrations, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMABY OF CONTENTS. 

iHTRODUCfroRY.— Instruments Used at Sea for Meteorological Purposes.— Meteoro- 
logical Log-Books. — Atmospheric Pressure. — ^Air Temperatures. — Sea Temperatures. — 
Winds.— Wind Force Scales.- History of the Law of Storms.— Hurricanes, Seasons, and 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Iceberas.— Syn- 
chronous Charts. — Dew, Mists, Fogs, and Haze. — Clouds. — Rain, Snow, and Hail. — 
Mirage, Kainbows, Coronss, Halos, and Meteors.— Lightning, Corposants, and Auroras.— 
QinE8noN8.—AppENDix.— Index. 

" Quite the bbst publication, and certainly the most intieesiino, on this sul]tieet erex 
presented to Nautical mea."— Shipping OaautU. 



« * 



For Complete List of Gbiffin's Nautical Sbbiss, see p. 39. 
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4* OBARLMa QRirFIir * aO.'g PUBLIC A TIOITB. 

GBIFFiyS WAUTICAL SERIES. 

Sboond Edition, Reyisbd. With Numerous lUustratioDs. Price Ss. 6d. 

Practical Mechanics: 

Applied to the Eequirements of the Sailor* 

By THOS. MACKENZIE, 

Master Mctriner^ F.HA.S. 

Gknxsal Contents. — Kesolution and CompoBition of Forces — Work done 

gr Machines and Living Agents — The Mechanical Powers: The Lever; 
erricks as Bent Levers — The Wheel and Axle : Windlass ; Ship's Capstan ; 
Crab Winch— Tackles : the "Old Man"— The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strenffth of Rope : 
Steel Wire, Manilla, Meinp, Coir — ^Derridcs and Shears-- Calculation of the 
Cross-breaking Strain of Fir Spar — Centre of Effort of Sails — Hydrostatics: 
the Diving-bell ; Stability of Floating Bodies ; the Ship's Pump, &c. 
" This EXCELLENT BOOK . . . contains a LA.BaB AMOUNT of information.'' 

•• Well wobth the money . . . will be found EXOEBDiNGLr helpful,"— 
Shktpmg World, 

*'Ko PHirs' Oeficebs' bookcase will henceforth be complete without 
Captain Mackenzie's * Pbaotical Mbchanios. ' Notwithstanding my many 
▼ears' experience at sea, it has told me Jww much more there it to (icquire,** — 
(Letter to the Publishers from a Master Mariner). 

" I must express my thanks to you for the labour and care you have taken 
In 'Practical Mechanics.' . . . It is a life's expbbience. . . . 
What an amount we frequently see wasted by rigging purchases without reason 
and accidents to spars, &c., &c. ! * Practical Mechaniob' would save all 
THIB." — (Letter to the Author from anotiier Master Mariner). 



WORKS BT RICHARD C. BUCK, 

Of the ThameB Nautical Training College, H.M.S. ' Woroestar.' 

A Manual of Trigonometry: 

With Diagrams, Examples, and Exercises. Price 8s. 6d. 

Second Edition, Bevised and Corrected. 

*«* Mr. Buck's Text-Book has been specially pbepabbd with a view 

to the New Examinations of the Board of Trade, in which Trigonometry 

fai an obligatory subject. 

**Thla SMnirssTLT TBAonoAi. and bbuablb YOhuitEy— Schoolmaster. 

A Manual of Algebra. 

Dwigned to meet the Requirements of Sailors and others. Price 8s. 6d. 

\* These elementary works on ajmkuba and TBioovoinBTRT are written speoially for 
thote who will have little opportunity of oonsalting a Teacher. They are boc^B for ^^atvr- 
HXLP.** All but the rimplest explanations have, uierefore, been avoided, and Airswnu te 
the IfizeroiseB are given. Any person may readily, by oarefnl study, become master of their 
eontents, and thus lay the foundation for a farther mathematical coarse, if desired. It is 
hoped that to the yonnger Olflcers of onr Mercantile Marine they will be fonnd decidedly 
servioeable. The Examples and Bxeroises are taken from the Examination Papers set for 
the Oadets of the ''Worcester.*' 

'*01early arranged, and well got ap. . . A first-rate Elementary Algebra. — 
JfmuHeal Magazine. 
*»*For complete List of GBUFro's Nautical Bkbibs. see p. 39. 

LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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NAUTICAL WORKS. 43 



QBIFFIN'S NAUTICAL SERIES. 

Second Edition, Thoroughly Revised and Extended. In Grown Syo. 

Handsome Cloth. Price 4s. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BT 

BENEDICT WM. GINSBURG, M.A., LL.D. (Cantab.), 

Of the Inner Temple and Northern Circuit ; Barrister-at-Law. 

General Contents.— The Qnaliflcation for the Position of Shipmaster— The Ckm- 
tract with the SMpowner— The Master's Duty in respect of the Crew : BngaeemeBt : 
Apraentices ; Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment 
of wages and Discharge— The Master's Duty in respect of the Passengers— The Master's 
Financial Besponsibilities— The Master's Duty in respect of the Cargo— The Master's 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Master's D^y in relation to Pilots, Signals, Flags, and Light Dues— The Master's Duty 
upon Arriyal at the Port of Discharge— Appendices relative to certain Legal Matters : 
Board of Trade Certificates, Dietary Scales, Stowage of Grain Cargoes, Load Line Begula* 
tlons, Life-saving Appliances, Carriage of Cattle at Sea, Ac, &c.— Copious Index. 

" No Intelligent Master should fail to add this to his list of necessary books. A few lines 

of it mi^ SAVX ▲ LAWTKB'S FBB, BXSIDBS SNDLBSS WOBBT.'*— 2/tV«rpOO< Joumal Of COIMMTU, 

" SmrsiBUE, plainly written, in olbab and non-tbchnioal lakquagb, and will be found of 
KUOH WRVXCx by the Shipmaster."— jBrt'tuA Trade Review. 



Second Edition, Revised. With Diagrams. Price 2s. 

Latitude and Longitude: 

EEo^Bsr to Fiisucl tbeixi* 

By W. J. MILLAR, C.E., 

Late Secretary to t?ie In$t. of Engineers and Shipbuilders in Scotland. 

" G0NOI8ILY and CLE ABLY WKITTBN . . . cannot but prove an acqnisition 
to those studying Navigation.'' — Marine JSngineer, 

*' Toung Seamen wiU find it handt and usbful, simple and olbab."— rAe 
Bfngmeer. 

FIRST AID AT SEA. 

Sboond Edition, Revised. With Coloured Plates and Numerous Illustra- 
tions, and comprising the latest Regulations Respecting the Carriage 
of Medical Stores on Board Ship. Price 6s. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 

IN THE MERCHANT NAVY. 

by 

WM. JOHNSON SMITH, F.R.O.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

*«* The attention of all interested in oar Merchant Nafy Is requested to this ezceedim^y 
nsefal and ^Mloable work. It is needless to say that it is the outcome of many years 
nuonoAL BZPBKisNCB amongst Seamen. 

** Soutfn, JUDICIOUS, HBALLT HXLpruL."~TA< Lancet. 

*»* For Complete List of Gbiffin's Nautioal Series, see p. 39. 
LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND, 
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- — ^ - . _^ - —^—^ 

GRITFIN'S NAUTICAL SERIES. 

I 

Seventh Edition. Reviaedf with Chapters on Trimt Buoyancy^ 

and CakulcUions, Numerous UlustrcUions, Handsome 

Cloth, Crovon 8vo, Price 7s. 6d. 

KNOW TOUB OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

8PB0IALLY ARBANOED TO SUIT THE REQUIREMENTS OF SHIFS' OFFIOBBS, 
SHIPOWNERS, SUPERINTENDENTS, DRAUGHTSMEN, ENGINEERS, 

AND OTHERS. 

This work explains, in a simple manner, such important 
subjects as: — 



Plspiacement, 

Deadweight, 

Tonnage, 

Freeboard, 

Moments, 

Buoyancy, 

Strain, 

Structure, 



StabiUty, 
Boiling, 
Ballasting, 
Loading, 
Shifting Cargoes, 
Admission of Water, 
Sail Area, 
ftc, Ac. 



*' The little book will be found exceedingly handt by most officers and 
officials connected with shipping. . . . Mr. Walton's work will obtain 
LASTING SUCCESS^ because of its unique fitness for those for whom it has been 
written." — Shipping World. 

** An EXCELLENT WORK, full of solid instruction and invaluable to every 
officer of the Mercantile Marine who has his profession at heart." — Shipping. 

" Not one of the 242 pages could well be spared. It will admirably fulfil its 
purpose . . . useful to ship owners, ship superintendents, ship draughts- 
men, and all interested in shipping." — Liverpool Journal of Commerce, 

" A mass of very useful invorhation, accompanied by diagrams and illus- 
trations, is given in a compact form." — Fairplay. 

'* We have found no one statement that we could have wished differently 
expressed. The matter has, so far as clearness allows, been admirably con- 
densed, and is simple enough to be understood by every seaman."— Jfan'jie 
Engineer. 

BY THE SAME AUTHOR. 

Steel SMps: Their Gonstrnction and Maintenance. 

(See page. 38.) 
WNDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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ENQINEBRINO AND MEGHANIOB. 45 

Just Out. Fifteenth Edition, TJioroughly Revised, OrecUly Enlarged^ 

and Beset Throughout. Large 8vo, Cloth, pp. i-xxiv+708. 

With 280 Illustrations, reduced from Working Drawings, 

and 8 Plates. 2ls. net. 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERY. 

By A. E. SEAT ON, H.Inst.C.EM H. Inst. Heeh. E., 

H.Inst.N.A. 



General Contents. — Part I. — Principles of Marine Propulsion. 
Part II. — Principles of Steam Engineering. Part III. — Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV.— Propellers. Part V. — Boilers. 
Part IV. — ^Miscellaneous. 

V This Edition includeB a Chapter on Water- Tubs Boilers, with TUnstra- 
tioDs of the leading Types and the Revised Bales of the ^tifMiM Veritas. 



'* Id the three-fold capacity of enabling a Student to learn how to design, oontcruoi, 
and work a Marine Steam-Engine. Mr. Seaton's Manual has mo rival/'— IYhim. 

"By fiur the bb8t Manual in existence. . . . GKtss a complete account of the 
oiethods of solving* with the utmost poflsible economy, the problems before the Marine 
Engineer.''-- JttffMmm. 

'The Student, Draughtaman, and Ennneer will find this work the moct valuiblb 
Handbook of Reference on the Marine Engine now in existence."— JfoWM JEte^fMer. 



Seventh Edition, Thoroughly Revised. Pocket-Sise, Leather. Ss. 6d. 

A FOOEIST-BOOE OF 

MARINE ENGINEERING RULES AND TABLES, 

TOR THE USE OV 

Marine Engineers, Naval Arehiteets, Designers, Draughtsmen, 

Superintendents and Others. 

BY 

A. E. SEATON, M.LO.E., M.LMech.E., M.LN.A., 

AND 

H. M. ROUNTHWAITE, M.LMech.E., M.I.N.A. 

"Admirably pulpils its purpose.*'— JfarnM Sf^gmetr. 
By B. CUNNINGHAM. 

DOCKS: THEIR CONSTRUCTION & MAINTENANCE. 

(See page 27.) 
LONDON: CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET, STRAND. 
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WORKS BT PROF. ROBERT H. SMITH, Assoc.H.LC.E., 

M.LM.S., M.LELE., M-LMIilE., Whit Soh., M.OTd.MeljL 



THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 
Applied to Teehnieal Problems. 

WITH SXTENSIVB 

OIiASSIFIED BEFEBENCE LIST OF INTEGBAIiS. 
By PROF. ROBERT H. SMITH. 

ASSISTED BT 

R. F. MXJIRHEAD, M.A., B.Sa, 

Formerly Oluk Fellow of Glaagow Univenlty, and Lectrurer on Mathemattos at 

Maaon College. 

In Crown 8t;o, extra, %o%th Duigrams and Foldtng-Plate. 88. 6d. 

" Pmor. R. H. Smith's book will be serrioeable in rendering a hard road ab sabt as fkactio- 
4BU for the non-mathen>atical Student and Engineer."— ^MeiuBwm. 

** Interesting diagrams, with practical illustrations of actual occurrence, are to be found here 
in abundance. Thb vbet complbtb glasbi run bstbuihcb tablb will prove very useful la 
taring the time of those who want an integral in a hurry."— ZTie Engineer. 



MEASUREMENT CONVERSIONS 

(English and Frenoh) : 
28 GRAPHIC TABLES OR DIAGRAMS. 

Showing at a glance the Mxttital Gonyebsion of Measttbkmbntb 

in DiFFEiuENT Units 

Of Lengths, Areas, Volumes, Weights, Stresses, Densities, Quantities 
of Work, Horse Powers, Temperatures, Sdo, 

For the use of Engineers, Surveyors, AroMtecta, and Contractors, 
In 4to, Boards, 78. 6d, 






Prof. Smith's Conysbsion-Tablbs form the most unique and oom- 
prehensive collection ever placed before the profession. By their use much 
time and labour will be saved, and the ohiBiices of error in calculation 
diminished. It is believed that henceforth no Engineer's OfBce will be 
considered complete without them. 

** The work is iBTAiuaBLB."— Colkery Guardian. 

** Ousriht to be in btbbt office where even occasional conversions are required. . . . ProL 
Smrk's Tablbs form yery bzobllbitt chbckb on results."- JAeetrioot Seview. 

** Prof. Smith deserves the hearty thanks, not only of the Bboibbbb, but of the Oomioboxal 
WoELD, for having smoothed the way for the 4I>option of the Mbtbio STsraii of MBASUBBMBBf, 
a Buhieot which u now assuming nreat importance as a factor in maintaining our hoib upon 
fOBBiaii tbaob."— The Ma<Mnery Marktt. 



lONBON: CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, STRAND. 
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Second Edition in Preparation. In Large 8vo. Handsome Cloth. 10b. 6d. 

CHEMISTRY FOR ENGINEERS. 

BY 

BERTRAM BLOUNT, and A. G. BLOXAM, 

P.I.O., P.O.S., A.I.C.E., F.I.O., F.C.8., 

Gonsnlting Chemist to the Crown Agents for Consulting Chemist, Head of the Chemistry 

the Colonies. Department, Goldsmiths' Inst., 

New Cross. 

QENEBAL CONTENTS.— Introduction— Chemistry of the Chief Materlali 
of Oonstmctlon— Sources of Energy— Chemistry of Steam-ralslng— Chemis- 
try of Lnhrloatlon and Lubricants— Metallurglcftl Processes used tn the 
Winning and Manufacture of Metals. 

** The authors have scogbkdkd beyond all expectation, and have prodnced a work which 
sbonld give fresh power to the Engineer and Bfanafactnrer."--2%< Timet. 

"Practical throughout ... an admirablb tbxt-book, nseftil not only to Students, 
but to ENoilTRiRs and Manaobrs ov works in prbtbntibo wastb and improving procbssrb."— 
'^flotsmon. 

"A book worthy to take high rank . . . treatment of the subject of gasbous iubk 
particularly good. , . . Water gab and its production clearly worked out. . . . We 
WARMLY RBCOMMBND the ■wox)^"—Joumal ofOcM lAghtino. 



Por Companion Yolume by the same Authors, see ** Chemistby 
POR Manufacturers," p. 71 General Catalogue. 



Pocket Size, Leather Limp, with Gilt Edges and Rounded Corners, printed on Special 
Thin Paper, vith lUustrationB, pp. I.— XII. -f 834. Price ISs. net. 

(THE NEW " NYSTROM ") 

THE MECHANICAL ENGINEER'S REFERENCE BOOK 

A Handbook oj Tables, Formulas and Methods for Engineers, 

Students and Draughtsmen. 

By HENKY HARRISON SUPLEE, B.Sc, M.E. 

Tables, Formulas, and Reference Data for Mechanical Engineers, comprising machine 
design and information relating to the drawing office and the designing department; 
intended as a successor to the well-known Pocket-Book written many years ago by the 
late JoHJi W. NrsTROM.— Pttft/w^'^' Note. 



Works by WALTER R. BROWNE, M.A., M.InslG.E., 

Late Fellow of Trinity College, Cambridge. 

THE STUDENT'S MECHANICS; 

An Introduetion to the Study of Force and Hotion. 

With Diagrams. Crown 8vo. Cloth, 4s. 6d. 

" Qoar in style and practical in method, 'Thb Student's Mechanics' is cmdlatty to be 
recommoided firom all points of view." — Atkenteum, 

FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engineer, In Crown 8vo, is. 
Demy Svo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Mannal for Users of Steam and Water. 

By Pbop. FRANZ SCHWACKHOFER of Vienna, and 

WALTER R. BROWNE, M.A., CE. 

Gbnbkal Contents.— Heat and Combustion— Fuel, Varieties of~Firinff Arrange- 
OMBts: Furnace, Flues, Chimney— The Boiler, Choice of— Varieties— Feed-water 
Heaters— Steam Pipes— Water : Composition, Purification— Prevention of Scale, &c., &c. 

"The Secdon on Heat is one of the best and most lucid ever written."— i?M!;tM«»r. 
" Cannot fiful to be valuable te thousands using steam power."— JZofAtMS^ Enginter. 

LONDON : CHARLES GRIFFIN & CO.. LIMITED. EXETER STREET, 8TRAND1 
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Second Edition, Revised and Enlarged. . 

With Tables, Illustrations in the Text, and 37 Lithographic Plates. Medium 

8vo. Handsome Cloth. 30s. 

SEWAGE DISPOSAL WORKS: 

A Guide to the ConstFuetlon of Works for the Prevention of the 
Pollution by Sewage of Rivers and Estuaries; 

By W. SANTO CRIMP, M.Inst.C.K, F.G.S., 

Late Assistant-Engineer^ London Ctfonty CoundL 



PART L— Introductory. PART II.— Sbwagb Disposal Works in 
Operation— Their Construction, Maintenance, and Cost. 

%* From the faet of the Author's having, for some years, had change of the Main 
inage WcM-ks of the Northern Section of the Metropolis, the chapter on London will be 
foand to contain many important details which would not omerwise naye been available. 

" AH persons interested in Sankary Science owe a debt of gratitude to Mr. Ciimp. . . 
His woork will be espefliaUy nseftil to Sanitary Authoritibs and their advisers . . 

—llfH I I.Y PRACnCAX, ANB WSBTVL.**— ^OfMtft 

"PrabaUy the most complbtb and bbst trbatisb on the satHect whi^ has appeared 
in our laayiage- . . WVl prove of the gw i ft > nt use to all who have the proolem 
Sewage Disposal to fooe." — Bdmiur^h MtMsal Journal. 



Beautifully Illustrated, with Numerous Plates, Diagrams, and 

Figures in the Text, Bis, net, 

TRADES' WASTE; 

ITS TREATMENT AND UTILISATION. 
A Handbook for Borough Engineers, Surveyors, Architects, and Analysts. 

By W. NAYLOR, F.O.S., A.M. Inst. C.E., 

Chief Inspector of Bivers, Bibble Joint Committee. 

Contents.— I. Introduction.— II. Chemical Engineering.— III.— Wool De-greasing 
and Grease Becovery.-IV. Textile Industries; Calico Bleaching and Dyeing.— V. Dyeing 
and Calico-Printing.— VI. Tanning and Fellmongery.— VII. Brewery and Distillery 
Waste.- VIII. Paper Mill Befuse.— IX. General Trades' Waste.— Index. 

'* There is probably no person in England to-day better fitted to deal rationally with 
such a subject."— ^rtt£«A Sanitarian. 

" The work is thoroughly practical, and will serve as a handbook in the future for those 
who have to encounter tlie problems discussed."— CA«mica2 Trade Journal. 



At Press. Second Edition, Thoroughly Revised and Re- Written. 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION, AND USES. 
By gilbert R. REDGRAVE, Assoc. Inst. C.E., 

Assistant Secretary for Technology, Board of Education. South Kensington. 

'* Ivyalcablk to the Student, Architect, and Engineer."— i^ut/d^n^r Nm*. 
" Will be useful to all Interestecl in the mahdfactukb, usb, and xxszoro of Oenoents."— 
Engimtur. 

LONDON : CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRANa 
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ELECTRICAL ENGINEERING. 

Second Edition, Revised. In Large ^o. Handsome Cloth, Profusely 
Illustrated with Plates^ Diagrams^ and Figures, 24s, net. 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Organisation, and Management. 

By CHAS. H. WORDINGHAM, A.K.C, M.Inst.C.E., M.Inst.Mech.E., 

Late Memb. of Council InstE.E., and Electrical Engineer to the City of Manchester ; 

Electrical Engineer-in-Chief to the Admiralty. 

ABBIDGED CONTENTS. 
Introductory. — Central Station Work as a Profession. — As an Investment. — ^The Estab- 
lishment of a Central Station — Systems of Supply. — Site. — Architecture. — Plant. — Boilers — 
Systems of Draught and Waste Heat Economy. — Coal Handling, Weighing, and Storing. — 
The Transmission of Steam. — Generators. — Condensing Ai>pliances.^ — Switching Gear, 
Instruments, and Connections. — Distributing Mains. — Insulation, Resistance, and Cost. — 
Distributing Networks- — Service Mains and Feeders. — Testing Mains. — Meters and 
Appliances. — Standardising and Testing Laboratory. — Secondary Batteries. — Street Light- 
ing. — Cost. — General Organisation. — Mains Department. — Installation Department. — 
Standardising Department — Drawing Office. — Clerical Department — The Consumer. — 
Routine and Main Laying. — Index. 

" One of the most valuable contributions to Central Station literature we have had 
for some time."— Electricity. 



ELECTRICITY CONTROL. 

A Treatise on Eleetrieity Swltehgreap and Systems of Transmission. 

By LEONARD ANDREWS. M.I.E.E., 

Ex-Member of Council of the Incorporated Municipal Electrical Association ; Consulting 

Electrical Engineer to the Hastings Corporation, &c., &c. 

General Principles of Switchgear Design. —Constructional Details. — Circuit Breakers or 
Arc Interrupting Devices. — Automatically Operated Circuit- Breakers. — Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running. — 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of Controlling Apparatus for Low Tension Systems. — Examples of Complete 
InstaUations.— Long Distance Transmission Schemes. 



Sixteenth Edition, Thoroughly Revised and Enlarged. 

A POCKET-BOOK 

OF 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.B. 
With Numerous Diagrams. Pocket Size. Leather, 8s. 6d. 

GENERAL OONTENTS. 

Units of Measurement. — Measures. — Testing. — Conductors. — Dielectrics. — Submarine 
Cables. — ^Telegraphy. — Electro-Chemistry. — Electro-Metallurgy. — Batteries. — Dynamos and 
Motors. — ^Transformers. — Electric Lighting. — Miscellaneous. — Logarithms. — ^Appendices. 

*' WoMDBKFVLLY Pbrfbct. . . . Worthy of the highest commendation we can 
give '^*' ^Electrician.. 

"The Stsxlimg Valub of Mewrs. Munko and Jamibson's Pockbt-Book "- 
Slectrieml Revteut. 

LONDON: CHARLES GRIFFIN (& CO., LIMITED. EXETER STREET, STRAND. 
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By PROFESSORS J, H, POYNTING k J. J. THOMSON. 

In Five Volumes. Large Sto. Sold Separately. 

A TEXT-BOOK OF PHYSICS 

J. H. POTNTING, J. J. THOMSON, 

BCD., r.K.8.| AND VL.k..t r.B.8.1 

I«Se Follow of Trinitf Oollem, Cambridge; Fellow of Trinity College, Cambridge; ProL 

Profeaor of Phynes, Burmingham of Bzpeiimental PhTsies in the Unrreinitr 

UniveTBitj. of Cambridge. 



Introductory Volume, fully Illustrated. Second Edition, Revised. 

Price 10s. 6d. 



OoKTBXTB. — Chravitation. — The Acceleration of Orayity. '-^ Elasticity. — StreBses an<1 
Strains. — ^Torsion.— Bending of Bods.— Spiral SpringB.—GoIli8ion.— Compressibility of 
Liquids.— Pressores and volnmes of Oases.— Thermal Effects Accompanying Stram.i— 
Oapillarity.— Surface Tension.— Laplace's Theory of OapilJarity.— Diffusion of Liquids — 
Dtffusion of Gases.— Yiaoosity of Liquids.— Index. 

" ^^tudent8 of physics cannot fail to derive benefit from the book."— fnowledflre. 
"We regard this book as quite indispensable not merely to teachers but to physicists of ever 
grade above the lowest."— University CorrespondaU. 



Volume II. Third Edition. Fully Illustrated. Price 8s. 6d. 

S O U M' 13 . 

OoHTBHTs.— The Nature of Sound and its chief Characteristics.— The Velocity of Sound 
tn Air and other Media.— Reflpc^ion and Refraction of Sound.— Frequenev and Pitch of 
Notes.— Resonance and Forced Oscillations.— Analysis of Vibrations.— The Transverse 
Vibrations of Stretched Strings or Wires.— Pipes and other Air Cavities.— Bods.— Flatee. 
—Membranes.— Vibrations maintained by Heat— Sensitive Flames and Jets.— Musical 
Sand.— The Superposition of Waves.— Index. 

** The work . . . maybe recommended to anyone desirous of possessing an sast, 
vp^o-DATB Stakdabd Tbkatisb on Acoustics."— Z«t<era<«r«. 

** Very clearly written. . . . The names of the authors are a guarantee of the 
B OiiM T iFi o ACCUBAOT and UP-TO-DATE CHARACTRK of the woTk."— Educational Times. 



Volume III. At Press. Fully Illustrated. 

JSLE ILT, 

Contents. — Temperature. — Expansion of Solids — Liquids. — Oases. — Circulation 
and Convection.— Quantity of Heat; Si)eciflc Heat. — Conductivity. — Forms of Energy; 
Conservation ; Mechanical Equivalent of Heat. — The Kinetic Theory — Change of State ; 
Liquid Vapour. — Critical Points. — Solids and Liquids. —Atmospheric Conditions.— 
Radiation.— Theory of Exchanges.— Radiation and Temperature. — Thermodynamics. — 
Isothermal and Adiabatlc Changes.— Thermodynamics of Changes of State, and Solu- 
tions. — Thermodynamics of Radiation. — Index. 

Remaining Volumes in Preparation — 
LIGHT; MAGNETISM AND BLBCTRICITY. 



THE MEAN DENSITY OF THE EARTH : An Essay to which the 

Adams Prize was adjudged in 1893 in the University of Cambridge. By J. H. 
PoYNTiNG, Sc.D., F.It.S., Late Fellow of Trinity College, Cambridge; Professor of 
Physics, Birmingham University. In Large 8vo, with Bibliography, Illustrations in 
the Text, and Seven Lithographed Plates. 12s. 6d. 

" An aoooont of this subject cannot fail to be of easAT and obhiral iirnDLM* to the sdentitic 
mind. EspedaUr is this the case when the aocomnt is given by one who has eontributed so 
considerably as has Prof. PoyntbiK to oar preBent state of knowledge with respect to a very 
ditBcnlt subject. . . . Remarkably has Newton's estimate been veiuled by Prof. Poynting."— 
AthenoBum. 

LONDON : CHARLES GRIFFIN & CO., LIMITED. EXETER STREET, STRAND. 



MEDICINE AND THE ALLIED SCIENCES. 51 

Third Edition, Revised, Enlarged, and Re-issued. Price 6s. net. 

A SHORT MAXUAL OF 

INORGANIC CHEMISTRY. 

BY 

A. DUPRE, Ph.D.,.F.R.S., 



i . t 



AND 

WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of the Westminster Hospital Medical School 

'* A well-writtOK, dear and accurate Elementary Manual of Inorganic Chemttry. . . 
We agree heartily with the system adopted by Drs. Duprd and Hake. Will makb Expbm- 
MSNTAL Work trbbly intbrbsting bbcausb intblugiblb."— vS0/Mn&> RevUw. 

'"nere is no question that, given the pbrfbct grounding of die Student in his Sdeno^ 
the reoiMUBdcr comes hfterwards to him in a lanner much more simple and easily acquired. 
Ttut work IS AN bxamplb op thb advantages of thb Systbmatic Trbatmbut of a 
Sdflone over the firagmentaiy style so generally followed. Bv a long way thb bbbt of the 
small Manuals for Students. — Analyst, 



LABOBATOBT HANDBOOKS BT A. HUMBOLDT SEXTON, 

Professor of MetaUorgy in the Qlasgow and West of SootUmd Teohnioal OoUege. 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF STUDBNTS, 

With ninstrationB. Fourth Edition. Crown 8yo, Cloth, 3b. 

" A ooMPAOT LABO&ATOBT ouiDB for beginners was wanted, and the want has 
been wbll supplbd. ... A good and nsefnl book."— Xotiee^ 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF STUDBNTS. 

With Illustrations. Fourth Edition, Revised. Crown Svo, Cloth, Ss. 6d. 

" The work of a thorooghly practical chemist" — Briti^ Medical Journal, 
" Oompiled with great care, and wiU snpply a want." — Journal of Education. 



ELEMENTARY METALLURGY: 

Inoluding the Author's Practical Laboratory Course. With many 

Illustrations. [See p. 66 OenereU Ccttalogue. 

Third Edition, Revised. Crown 8vo. Cloth, 6s. 

** Jnst the kind of work for students commencing the study of metallurgy. " — 
Practical Engineer. 
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